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GEOMETRY AND PHYSICS! 


TWENTY years ago the abstract point of 
view in geometry was becoming a familiar 
one to mathematicians. The essential element 
in the movement of thought at that time 
seemed to be the freeing of geometry from all 
reference to physical reality. Geometry as 
studied by mathematicians must be a set of 
propositions arranged in a sequence of logical 
deduction, proceeding from a set of unproved 
propositions (the axioms, or postulates) which 
are stated in terms of undefined elements. If 
the undefined elements are points and lines, 
for instance, the mathematician does not in- 
quire what is a point or line. All he cares to 
know about them is stated explicitly in the 
axioms. 

This point of view made it possible for the 
first time in history to see geometry as a clear- 
cut whole. It was definitely separated from 
philosophy on the one side and from other 
branches of physics and mathematics on the 
other. The result was a great gain for clear- 
ness of thought in all these fields, a gain which 
has not been accompanied by any loss of mutu- 
al contact or support. 

During the following years mathematicians 
have continued to develop the postulational or 
logistic method, so that by now it has demon- 
strated its value as a practical scheme of ar- 
rangement and exposition in the most diverse 
branches of mathematics. While doing this it 
has, of course, lost in freshness what it has 
gained in respectability. But during the same 
period a series of brilliant discoveries in phys- 
ics has been making the abstract point of view 
a vital issue in that science also. 

If we examine the classical branches of 
physies we shall find that the main elements 
of the abstract point of view have been im- 


1 Address as retiring vice-president and chair- 
man of Section A—Mathematics, American Asso- 
ciation for the Advancement of Science, Boston, 
December, 1922. 





130 


plicit in them for a long time. In faet, if we 
state with sufficient clearness in physical terms 
what we mean by undefined elements, unproved 
propositions, and so on, we are apt to find 
that a physicist classifies these ideas as tru- 
isms of little importance. I am inclined to 
think that he is justified in this attitude, so 
far as practical results are concerned, during 
the earlier and ecruder stages of physical 
theory. But experience is showing that when 
the results of a more refined experimental 
technique foree a reconsideration of funda- 
mental assumptions, the technique of the study 
of these assumptions must undergo a corre- 
sponding refinement. Let us therefore take the 
risk of banality and glance at some of the 
branches of physics from the point of view 
of an axiomatist. 

Lest any one should expect any closely 
reasoned body of doctrine to result from such 
a survey—and thereby be sadly disappointed— 
let me remind any non-mathematicians who 
may be present that when a mathematician lays 
down the elaborate tools by which he achieves 
precision in his own domain, he is unprepared 
and awkward in handling the ordinary tools 
of language. This is why mathematicians al- 
ways disappoint the expectation that they will 
he precise and reasonable and clear-cut in their 
statements about everyday affairs, and why 
they are, in fact, more fallible than ordinary 
mortals. Therefore, please be satisfied in this 
case with some rather disconnected remarks. 

We shall begin with elementary geometry, 
the oldest branch of physies. Having the 
mathematical, or abstract, science of geometry 
before us in its present highly developed form, 
we wish to apply it to the world of experi- 
ment. It consists of a sequence of statements 
arranged in a certain logical order but void 
of all physical meaning. In order to apply 
them to nature we identify the undefined terms 
(points, lines, ete.) as names of recognizable 
objects. The unproved propositions (axioms) 
are then given a meaning, and we can ask 
whether they are true statements. If they are 
true, then we expect that the theorems which 
are their logical consequences are also true and 
that the abstract geometry will take its place 
as a useful branch of physics. 

This, I think, is a fair statement of the ac- 
cepted point of view. But it is full of serious 
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difficulties. The most obvious one is that it is 
impossible to identify anything in nature as 
a point or a line or a plane except by means 
of more or less gross approximations. The 
statement that a point has neither length, 
breadth nor thickness is a useful description 
in many of the applications of abstract geome- 
try, but it is never strictly true of a physical 
point. The identification of any physical ob- 
ject as a point (or a hexagon or a sphere) 
takes place only with a certain margin of 
error. But if this error is imperceptible in 
verifying the postulates themselves, there may 
well be an accumulation of errors when the 
postulates have been used many times in the 
proot of a complicated theorem. Thus the 
postulates may appear true within the limits 
of error of a direct test, and yet some of the 
theorems may be perceptibly false. This 
makes it necessary to verify not merely the 
postulates, but also as many theorems as possi- 
ble. 

Here let me digress long enough to point 
out the bearing of this on the problems of 
teaching. The branch of physies which is 
called Elementary Geometry was long ago de- 
livered into the hands of mathematicians for 
the purposes of instruction. But, while mathe- 
maticians are often quite competent in their 
knowledge of the abstract structure of the 
subject, they are rarely so in their grasp of 
its physical meaning. In recent years this de- 
fect has become glaringly apparent and the 
teachers of elementary geometry are begin- 
ning to cultivate the experimental technique 
of the subject. What I wish to say is that 
they should do this with a view not merely to 
making the concepts of geometry clear to their 
students, but also with a view to removing 
the legitimate doubts of its truth which stu- 
dents have a right to entertain. 

The knowledge that the experimental ver- 
fication of any theorem, however far removed 
from the axioms, is a real argument in favor 
of the validity of the whole science should 
strengthen the hands of those who want to 
make the teaching of geometry as concrete 
and physical as possible. Gauss and other 
experimenters who have taken pains to verify 
that the sum of the angles of a triangle is 189 
degrees were not wasting their time; 4nd 
neither is a teacher doing so who finds new 
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tests for this and other theorems of geometry. 

At the same time it will not be forgotten 
that the physical reality of geometry cannot 
be put in evidence with full clarity unless there 
is an abstract theory also. The faults in the 
traditional teaching of geometry, about which 
we hear so much to-day, are in a large measure 
due to the opinion that geometry is a system 
of a priori truth of such a nature that our be- 
lief in it eannot be influenced by experiment. 
A science resting on such a supernatural basis 
was fittingly taught by the method of dogmatic 
indoctrination. 

The existence of a margin of error in the 
process of identifying concretely the abstract 
terms of geometry means that we never verify 
a very large number of cases of a very large 
number of theorems in a single group of ex- 
periments. In one experiment, and with one 
interpretation of the terms, we verify the 
theorem of Pythagoras, but it is in another 
experiment, and with another interpretation 
of the terms, that we verify the theorem of 
Desargues. Thus we can know the physical 
truth of geometry only, as it were, in patches. 
The unity of the science is in its abstract for- 
mulation. 

This situation is not an unusual one in phys- 
ical science, for theories are by no means un- 
known in which the postulates and many of 
the theorems are quite beyond the reach of 
experiment. Such theories have to be tested 
by verifying some of their consequences. I 
suppose that it is a very exceptional theory 
which can be fully tested by a single series 
of experiments. 

There is, however, an experimental difficulty 
which is especially characteristic of elementary 
geometry. This is the bewildering multiplicity 
of conerete interpretations for the same ab- 
stract term. A point, for the purposes of in- 
struction, is usually a spot on a blackboard. 
If you are trying to steer a course at sea you 
may fix your attention on two points which 
are a lighthouse and a red spar respectively. 
In this case you are making use of the propo- 
sition that a straight line is uniquely deter- 
mined by two of its points. The same propo- 
sition ean be verified by driving the nails A, 
B, and C into a wooden board and observing 
that if a stretched string which touches A 
and B also touches C, then a stretched string 
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which touches B and C ean be made to toueh 
A, The same experiment can be repeated by 
sighting from one nail to the others or by 
the use of a straight edge or by firing a bullet 
from a gun. 

I eould continue enumerating these illustra- 
tions indefinitely, but the point I am making 
is sufficiently evident. There is no unique way 
of defining a point or a line for the purpose 
of experiment. Indeed, the great usefulness 
of elementary geometry is very largely due to 
the fact that there is such an extraordinary 
multiplicity of things which ean profitably be 
regarded as points and lines. 

In this multiplicity of interpretation of its 
fundamental terms, elementary geometry is in 
sharp contrast with the more recent and ree- 
ondite branches of physies. Thus, for ex- 
ample, while the term electron may have more 
than one physical meaning, it is by no means 
such a protean object as a point or a triangle. 
The old way of accounting for this difference 
was to say that the electron is a substantial 
object, whereas the point is only an abstrac- 
tion. This way of dismissing the question will 
not satisfy us to-day, for we believe that the 
electron and the point are both abstractions. 
Moreover, the difference which we are seeking 
to explain is one of degree rather than of 
kind. 

What we are calling elementary geometry 
is, of course, not a single logical unit. It com- 
prises first of all a group of theorems of 
analysis situs. These culminate in the theorem 
that the points are in one-to-one correspond- 
ence with the totality of ordered sets of three 
numbers, (x, y, z); in other words, that an 
analytic geometry is possible. In this part of 
geometry, the multiplicity of possible physical 
interpretations of the terms is at its highest 
pitch. Following this we have projective geom- 
etry, the general theory of straightness; affine 
geometry, the theory of parallels; and, finally, 
the metric geometry. Each one of these groups 
of theorems is logically distinguished from its 
predecessor by the appearance of new rela- 
tions which are brought in either by means of 
new axioms and undefined terms or by means 
of definitions which limit attention to a re- 
stricted class among the totality of possible 
geometrical objects. At each stage the free- 
dom of physical interpretation is restrieted 
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until, at the final stage, it is necessary to be 
able to specify the physical significance of a 
measuring stick and of a rectangular cartesian 
coordinate system. 

Next after geometry, according to the 
classical way of looking at things, we can take 
up either kinematies or statics or the geometry 
of masses. Let us choose the first of these 
three alternatives. 

For kinematies we must have a theory of 
time. This is very simple; the undefined terms 
are “instant” and “before” or “after,” and we 
use as postulates one of the sets of postulates 
for the linear continuum. The main theorem 
is that there is a one-to-one continuous corre- 
spondence between the instants of time and 
the numbers of the real number system. This 
makes possible the subdivision of time into 
equal intervals, and the measurement of time. 
While the abstract theory is very simple at 
this stage, the physical applications involve 
all the technique of clocks and other time de- 
vices. 

For kinematics we must also have the con- 
cept of substance, something which can move 
and which can have a duration in time. The 
postulates for substance .will state its existence, 
as we say, in space and in time. They may be 
phrased somewhat as follows: 

1. Given any substance and any instant of 
time, there exists a unique set of points called 
the position of the substance at the given in- 
stant of time. 

A substance whose position at any time is 
a single point is called a particle. 

2. The position of any particle at any time 
is a single point. This position is a continu- 
ous function of the time. 

3. For every point P of the position of a 
substance S at any time there is a particle 
whose position is P. The position of S at any 
other time ¢’ is the set of points which are the 
positions of these particles at the time ¢’. 
These particles are called the particles of the 
substance S. 

4. No two particles of the same substance 
can have the same position at the same time. 

5. Let (2) Yor 29) be the coordinates in a 
cartesian coordinate system of the position of 
any particle of a substance S at a time ¢, and 
let (x, y, z) be the coordinates of the same 
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particle at a time ¢, then there exist three 
analytic functions /,, f,, f, such that 


f, (os Yor 4g) 
f, (Zor Yor %) 
f, (Xr Yor %q) 
for all the particles of S. 

The first four of these postulates correspond 
to our most general intuitions about substance, 
and the fifth is intended as a basis for analytic 
operations. While I have studied out some of 
their consequences, I have not made anything 
like a full investigation and should not be sur- 
prised to find that they contain both omissions 
and redundancies. I give them here largely to 
emphasize the fact that very little work has 
yet been done in this direction. 

Before we have the actual structure of the 
classical kinematics we must limit our atten- 
tion not merely to the consequences of these 
axioms of time and substance, but also to a 
group of theorems determined by certain 
definitions. The most important of these is the 
definition of uniform motion of translation. A 
substance is in uniform motion of translation 
if with respect to a definite cartesian co- 
ordinate system and a definite time variable, 
we have for every particle of the substance 


ees 
ou i 


This simple way of stating the definition can 
be replaced by the apparently more compli- 
cated statement: 


If a substance S is at rest there is a cartesian 
coordinate system and a system of time meas- 
urement such that the coordinates of each par- 
ticle of S satisfy the conditions 


constant 
constant 
constant 
arbitrary. 


~~ xe sR 
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If a substance S’ is in uniform motion of 
translation there is another coordinate system 
such that each particle of S’ is denoted by 
constant 

constant 

= constant 

= arbitrary. 

and the relation between the two coordinate 
systems is given by equations 


a+! allel al 
iH dl 
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(1) t=a t+b 
“= aj tt+ayta z+btte, 
y= ‘“ nt + 4,,Y + 4,,2 +b,t +c, 
Oth a. gi? +404 + 4,,2 + 0,t +c, 


in which the coefficients are constants such that 
dz2 + dy2 + dz — dx? + dy? +. dz. 


Before the physical applications can be made 
in detail, corresponding definitions must be 
made of uniform motion of rotation and of 
other special types of motion. But we need 
not go into this question here. 

The physical interpretation of the abstract 
theory is much more definite and restricted at 
the present stage than it was at that of geom- 
etry. The table before us, the floor on which 
we stand, we ourselves, the whole earth, are all 
substances moving together through space with 
a high velocity. Any description of the whole 
or any part of this aggregation of substances 
is a concrete application of kinematics and 
gives rise to an experimental test of it. 

We now see that the multiplicity of econerete 
interpretations of geometry was due in part 
(though not wholly) to the fact that geometry 
is used to describe an instantaneous cross sec- 
tion of the substantial universe. At this stage 
also we have to meet the difficulties due to the 
fact that the motion of any substance can only 
be detected physically as the motion of the one 
substance relative to the other substances. 

The abstract theory which we have described 
provides for absolute motion, i. e., a substance 
is in motion if the set of points which we call 
its position is not the same at all instants of 
time. But it is also true that the theorems of 
the universe of substance will be unchanged in 
meaning if we replace the abstract time and 
space which underlie the theory of substance 
by a new time and space related to the old 
ones by formulas of the same form as (1). It 
is for this reason that an absolutely definite 
statement of what we mean physically by par- 
ticular substances does not carry with it a 


unique determination of what we mean by par- 
ticular instants of time or points of space. 
The facet, somewhat obscurely understood, 
that it is possible to make these transforma- 
tions of the space and time underlying kine- 
maties without altering the kinematics itself has 
often been taken as an argument against the 
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classical theory of space and time. I do not 
think it can be accepted as a valid objection, 
however. What it really does prove is that 
when the classical theories of space and time 
are combined in the theory of substance, the 
result is more complicated than a simple- 
minded person would expect. 

This complication of the abstract theory 
shows itself on the physical side when we ask 
how we shall know what are the simultaneous 
positions of two distant substances. The dis- 
cussions of the theory of relativity have shown 
that the most natural physical method of an- 
swering this question corresponds with suffi- 
cient accuracy to the classical kinematics when 
attention is limited to terrestrial objects of not 
too fine-grained a character. On an astro- 
nomical scale, however, the determination of 
simultaneity fits in much better with the type 
of kinematics known as the special theory of 
relativity. 

This theory we can regard as proceeding 
from exactly the same axioms of space, time 
and substance as those we have proposed for 
the classical kinematics. But it makes use of 
a different definition of uniform motion: A 
substance S’ is in uniform motion of transla- 
tion if, and only if, there is a coordinate sys- 
tem such that each particle of S’ is denoted by 
z= = constant, y = constant, z = constant, ‘= 
arbitrary, and the relation between this co- 
ordinate system and the (2, y, z, t) system is 
given by any set of linear equations with con- 
stant coefficient such that 


dx2 + dy2 + dz2 — c2di2 = da2 + dy2 + dz2 — c2dt2 


where c is a constant. 

The relation of the relativity kinematics to 
its underlying space and time is quite analogous 
to that of the classical kinematics to its under- 
lying spaee and time. Analogous transforma- 
tions of the underlying space and time (the 
Lorentz group) are possible without changing 
the kinematics. But in the relativity theory 
these transformations are put in evidence in 
connection with the simplest problems, whereas 
the classical kinematies ean be treated in such 
a way as to mask them. 

This is not the place to go further with an 
exposition either of the classical or of the rela- 
tivity kinematics. I wish only to remark that 
either of them can be based on an underlying 
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theory of space and time as well as upon the 
concept of a four dimensional space-time. 
There is no essential difference of logical sim- 
plicity between the two types of kinematies. 
The important difference is that the relativity 
definition of simultaneity is more nearly in 
accordance with the physical means in actual 
use by astronomers for determining when two 
events are simultaneous than is the classical 
definition. Therefore in those cases where the 
scale of operations is large enough, or the 
scheme of measurement fine enough, the rela- 
tivity kinematics will be used. In other cases 
the classical kinematies will be retained as a 
sufficiently aceurate approximation to the 
other. 

In comparing the theorems of kinematics 
with experience there is much less overlapping 
than in geometry. For a physical object has 
to be identified as a substance in the kinematic 
sense not merely onee but for all values of the 
time. Nevertheless, a great multiplicity of 
interpretation still persists, which will be 
further reduced when we come into the domain 
of mechanics. 

Before we arrive at a full-fledged mechanies 
we must introduce the concept of mass. This 
may be done in two ways according as we are 
developing a mechanies of discrete particles or 
a mechanics of continuous substances. In the 
first ease we have merely to postulate a num- 
ber associated with each particle and in the 
second ease to lay down a somewhat more ex- 
tensive set of postulates from which the con- 
cept of density may be derived. These postu- 
lates will serve for example as a basis for the 
differential equations of continuity. 

Finally the postulates must be introduced 
which determine how we shall use the terms 
force and cause. I shall not now try to set 
forth my ideas as to how these postulates 
should be formulated, for I have already gone 
more into detail than is desirable in a talk of 
this kind in expounding the idea of substance. 
It is enough to remark that there is an open 
field here for a valuable postulational inves- 
tigation. 

Suppose now that we have before us the 
complete logical structure which is built on 
these postulates and consider a particular me- 
chanical problem, as, for example, the problem 
of two bodies. For the sake of this problem 
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we add to the general postulates of mechanics 
the postulate that the substance to be consid- 
ered consists of two particles of given masses 
moving under a particular law of force. The 
differential equations now become perfectly 
definite and numerical results can be worked 
out. 

In order to have a physical application we 
may let the two particles be the two com- 
ponents of a double star. In this case the 
astronomical data have a low pereentage pre- 
cision and the theory gets along within a wide 
margin of probable error. Again, we may let 
the two particles be the sun and Jupiter. In 
this case the precision of the astronomical data 
is high. The theory serves as a first approxi- 
mation. But it is soon seen that the sun and 
Jupiter must be regarded as parts of a more 
complicated mechanical system—and so, in 
order to pursue the astronomical problem fur- 
ther, we pass on to another abstract theory. 
In general a whole series of more and more 
complicated abstract theories will be applied to 
the same astronomical problem. But the 
further we go in this direction the more precise 
becomes the physical significance of each term 
and the further we are from that multiple 
interpretation of terms which we noted in ele- 
mentary geometry. 

The same sort of remarks can be made about 
any other mechanical problem—for example, 
the problem to find the position of equilibrium 
of a door hanging freely in a wind of given 
velocity on hinges whose axes make a given 
angle with the vertical. It is necessary to sup- 
plement the general assumptions of mechanics 
by additional ones which specify the particu- 
lar problem. And when we have done so, the 
application to nature is very definite. 

This state of affairs is in part due to the 
fact that the postulates for mechanics do not 
form a categorical set, and can not form a 
categorical set until the substance and the 
forees are specified in a particular way. In 
the narrow sense of the words, mechanies is 
not a mathematical science, but is the group 
of theorems common to a collection of sciences. 
Each particular problem involves certain 
axioms in addition to those of mechanies in 
general, 

It should perhaps be emphasized once more 
that nothing of this sort is true of elementary 
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geometry. Its axioms form a categorical set. 
The relations among the points of space are 
completely determinate, and are unaffected by 
any of the additional assumptions required for 
a problem of mechanics. A typical problem 
of geometry is to determine the truth or falsity 
of a given theorem. Problems of this sort 
arise in mechanics, but a typical problem of 
mechanies requires the construction of a new 
theory. This is why mechanies is so interest- 
ing and so diffieult. 


The abstract treatments of a great many 
branches of physies fall within the province of 
mechanics as it is here understood, but there 
are a number of others, such as the theory of 
heat and of electromagnetic phenomena, which 
are not thus ineluded and which I can _ not 
touch on now. But in their classical forms 
they have all had an underlying “space in 
which”-—deseribed by the Euclidean geometry 
—and an underlying time continuum.  Situ- 
ated in this space and time there are particles 
of substance (matter, electricity) all moving 
about under the influence of ferces. The more 
abstract concepts, such as energy and entropy, 
have been defined in terms of these more easily 
comprehended undefined terms. But it is 
inevitable that the tendency to regard these 
new concepts as more and more fundamental 
should lead to the replacement of the old un- 
defined terms by new ones which seem more 
adequate even if they are more perplexing. 

An early illustration of the tendency to 
formulate problems in terms far removed from 
the obvious ones is to be found in the general 
equations of dynamics. Here we find as the 
coordinates of a dynamical system any set of 
parameters q', q°, . q" adequate to define it. 
In a very general class of cases these parame- 
ters are regarded as coordinates of a point in 
a Riemann space whose linear element is deter- 
mined by the expression for kinetie energy. 
The geodesies of this space give the paths of 
the representative point of a mechanical sys- 
tem in the absence of impressed forces and the 
Lagrange equations express the divergences 
from these paths brought about by the im- 
pressed forces. 

In this general mechanies the Riemann space 
figures as a mathematical device, in which it is 
highly suggestive to regard the geodesics as 
analogues of the straight lines in Euclidean 
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space. For one of the most fruitful ways of 
looking at a straight line physically is to regard 
it as the path of a particle which has been 
given an initial velocity and is far enough away 
from other objects to be but little influenced by 
them. The motion of a particle in a general 
case is the result of a balancing of the tendency 
to follow a straight line with uniform velocity 
against the forces causing divergences from this 
norm. With the use of generalized coordinates 
this situation is reproduced in a generalized 
form in a Riemann space. 

It is an important step beyond this to use 
the Riemann geometry from the very beginning 
as Einstein does in his theory of gravitation. 
To describe the motion of a partiele which is 
left to itself, this theory does not presuppose 
an underlying space and time whose properties 
are completely determined in advance.  In- 
stead, it assumes that any event in the history 
of the particle can be identified in terms of 
four coordinates, .«', «7, «°, vt, and the totality 
of these sets of coordinates is assumed to con- 
stitute a Riemann space in which there is a 
linear element, 

(2) ds* = > 9; dx dxi 

t,] 

The relations of these geodesics among them- 
selves are different in the neighborhood of ma- 
terial bodies from what they are in regions 
where there are no material bodies. In regions 
of the latter type these relations are approxi- 
mately the same as those among the geodesics 
of the space-time manifold of the special rela- 
tivity. 

The relations among the geodesies are deter- 
mined by the functions g.. Therefore, if we 
wish to describe two different distributions of 
matter we require two different Riemann 
spaces. We can not, as in the old theories, 
simply put a new filler in the old containe: 
space. The allowable choices of the functiony 
g,, are restricted by requiring them to satisfy 
a set of partial differential equations which is 
chosen, in the main, on the basis of its sim- 
plicity. In one special case, the one-body prob- 
lem, it is possible to solve these differential 
equations and obtain a set of g’s and a Rie- 
mann space which correspond to a single mass 
of matter. 

Let the numerical constant be chosen so that 
this mass represents the sun. The planets are 
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particles in comparison with the sun. There- 
fore, the orbits should be determined by the 
geodesics of this Riemann space. This deter- 
mines for each planet a one-parameter con- 
tinuous family of values of the quantities 
x1, «*, 2°, 2*, which ean be compared with 
values obtained by observation. 

Contrast this with the treatment of the same 
problem by the Newtonian method. Here we 
have a central attracting mass in a Euclidean 
space and a system of ellipses as the particle 
paths. If we go to the space-time manifold 
we get a system of spirals which have the 
ellipses as projections. Thus, in this case as 
in the other, we have a four-dimensional mani- 
fold and in it a system of eurves. Although 
the mathematical theories from which the two 
systems of curves were derived are radically 
different, yet with proper restrictions the one 
system of curves can be regarded as a good 
approximation to the other, and we can pass 
from the one to the other by means of a dif- 
ferential correction. 

When it eomes to the comparison of these 
two systems of curves with nature, we have to 
recognize that the astronomers work out what 
they assign as the coordinates of the heavenly 
bodies by elaborate and indirect observation 
and calculation. The parameters which they 
thus determine have to be compared in a some- 
what arbitrary way with those which enter into 
the abstract theories. It was found that in 
the ease of the planet Mercury this fit could 
not be made with complete exactness for the 
classical theory, but that when the differential 
correction was applied which corresponds to 
the transition to the new theory, the fit became 
as good as could be expected. 

The differential equations of the geodesics 
ean be written in the form 


3) Te aw ax” dc 
| ds?" “*aBds ds 
a,B . 


Among the curves which satisfy these equa- 
tions are not only the geodesies which we have 
been talking about, but also a family of curves 
for which ds = 0. These eurves differ but 
little from those which represent the motion of 
light im the older theories. Let us therefore 
assume that the new curves represent the mo- 
tion of light. If we do, the differential change 
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from the old to the new curves gives the mag- 
nitude of the effect on light of a gravitational 
field. This effect was predicted by Einstein 
and the prediction was brilliantly fulfilled. 
Both of these successes of the new theory 
have to do with properties of the differential 
equations (3) and only indirectly with the 
functions 9; of (2). The functions ry 8 which 


appear in (3) are expressed in terms of the 
g’s in (2) but do not depend on the physical 
meaning of the g’s. It is otherwise with the 
third important prediction of Einstein, that 
having to do with a shift of the spectral lines. 
This depends on an explicit physical interpre- 
tation of the g’s. Its experimental verification 
is very complicated and whether the outcome 
will be favorable or unfavorable is doubtful. 
In the meantime it is interesting to notice that 
this prediction is logically separable from the 
other two. 

The general situation which arises here is 
worthy of a great deal of study. A set of dif- 
ferential equations (3) in which the functions 
T’ are arbitrary, determines a system of curves 
having the property that any two points in a 
sufficiently small region are joined by one and 
only one of the eurves. We are thus in the 
presence of a broad generalization of the Rie- 
mann geometry which it has been proposed, 
in a paper by Professor Eisenhart and myself, 
to call the geometry of paths. The intuitive 
idea suggested by this name is that we are 
dealing not with the empty void of analysis 
situs, but with a manifold in which we find our 
way around by means of the paths. It may 
also serve to remind us that we have a gen- 
eralization of an inertial field, for the charac- 
teristic of a field of inertia is that through 
every point and in every direction, there is a 
path which may be taken by a free particle. 

A system of paths is also that which takes 
the place of the ether which has played so 
varied a réle in the physies of the last hun- 
dred years. It is the paths in the space-time 
manifold which are the bearers of the energies 
and stresses which lead to the properties of 
light and eleetromagnetism. 

From the work of Weyl, who has made the 
most important contributions to the geometry 
of paths, it follows that there is not only an 
affine but also a projective geometry of paths. 
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The affine geometry consists of those theorems 
which deal with the concept of infinitesimal 
parallelism defined by means of the functions 
[. The projective geometry deals with those 
properties of the paths that are so general as 
to be independent of any particular definition 
of parallelism. That there is such a projective 
geometry follows from the fact that more than 
one set of functions ]* can be found to define 
the same set of paths. 

Incidentally, it is an interesting comment on 
the progress of mathematics that the classifica- 
tion of theorems into projective, affine and 
metric is not here based on the group concept. 
For the group of a space of paths is in general 
the identity. 

These remarks are, of course, very general 
and ean have little meaning to one who has 
not given some consideration to the analytic 
details. But it is essential that they should be 
made in the sort of a survey | am attempting, 
because the geometry of paths can be regarded 
as a generalization both of the earliest part of 
elementary geometry and of some of the most 
refined of physical theories. The study of the 
projective, the affine and the metric geometry 
of paths ought ‘to result in a comprehensive 
idea of what types of physical theory it is pos- 
sible to construct along the lines which have 
been successful in the past. 

The development of physical theories in the 
recent past has been characterized by a pro- 
gressively greater and greater use of different 
types of non-Euclidean geometry. In all cases, 
however, the underlying analysis situs proper- 
ties are the same. Whether we are dealing 
with three, four or n dimensions, we are dealing 
with a cell, i. e., a portion of a manifold which 
can be mapped continuously on the interior of 
a sphere in a Euclidean space of the right 
number of dimensions. 

The obvious question suggests itself, whether 
it will not be necessary in the future to recon- 
sider this assumption also. The question 
whether space should be assumed to be con- 
tinuous has indeed already been raised in a 
shadowy form by Riemann and others. But 
even if space be assumed continuous it does 
not follow that every point in it can be enclosed 
by a region like the interior of a sphere. Many 
examples to the contrary are known to stu- 
dents of analysis situs. One such example is 
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a singular manifold defined by “polar co- 
ordinates” r, 9, 9, in which (0, 6, 9) represent 
a single point, the origin, no matter what 
§ and ¢ are and in which (r, 6, 9) represents 
the same point as (r, 6 + 2nz, o + 2nz) in 
ease 0 <r <1. The locus r = constant is an 
anchor ring and encloses the origin. You can 
readily convince yourself that there is no 
sphere enclosing the origin and hence that the 
origin is a point which has no neighborhood of 
the sort that exists in the Euclidean or Riemann 
geometries. 

A corresponding line singularity can easily 
be defined in a four dimensional manifold and 
may well turn out to be a promising candidate 
for consideration as the world line of an ulti- 
mate particle of some sort. It has an extra- 
ordinary degree of indestructibility, and the 
paths that can be drawn in its neighborhood 
fall into discrete classes in a most suggestive 
way. It is not at all impossible that this or 
some other type of analysis situs singularity 
will enable us to maintain the continuity of 
space and yet take account of the discontinuous 
phenomena that are being observed. 

Suppose, however, that it should turn out to 
be necessary to assume some sort of a discon- 
tinuous space. This would have at least one 
effect that would be pleasing to some of us. It 
would upset a great many of the cosmological 
speculations of the present era. In particular 
it would do away with that depressing view 
which is so often presented to us of the future 
state of the universe, a dead, cold world at a 
uniform level of energy and entropy. It would 
also tend to prevent our following a light ray 
too far off toward infinity—or all the way 
round a closed path—whichever the case may 
be supposed to be. 

In order to have a definite idea of a discon- 
tinuous space-time, let us consider a modular 
case, i. €., a space-time defined by four co- 
ordinates (2, y, 2, t) which are whole numbers 
reduced modulo P, and let us suppose that P 
is an enormously large prime. The number 
system, modulo P, is one in which every rational 
operation can be carried out. Let us set a por- 
tion of these numbers into correspondence with 
the ordinary number system of analysis in the 
following manner: Let k be a fixed number 
which is small in comparison with P and yet 
large in comparison with the numbers used in 
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physies and astronomy; and let every rational 
fraction p/q in the modular number system 
for which p and q are less than k, correspond 
to the number p/q of the ordinary number 
system. 

This correspondence between the number 
systems determines an analogous partial cor- 
respondence between the modular space-time 
and the ordinary space-time, by the expedient 
of letting the event (2, y, z, t) of the modular 
space-time correspond to the event (2, y, z, t) 
of the ordinary space-time, provided that the 
coordinates are all numbers which correspond. 

If we wish to distinguish physically between 
the two space-times it is obvious that we must 
succeed in identifying an event in the one 
which does not have a corresponding event with 
the same coordinates in the other. This possi- 
bility can be obviated for all experiments that 
have hitherto been made by simply choosing 
k and P very large. 

Nevertheless, if P is finite, the ordinary 
geometry, mechanics and electromagnetism are 
only a sort of approximation to the underlying 
modular geometry, mechanics and electromag- 
netism. They do not state actual theorems but 
only approximate results of a validity limited 
by the number k. For example, when we say 
that an event (z, y, z, t) is between two events 
(a, b, c, t) and (a, B, y, t) we mean that 
2x=a+tik(a —a), y = b+ AB — Dd), 
z=ec-+2(y — c), where d is less than 1 and 
expressible in the form p/q with q less than k. 
If we managed to subdivide the interval be- 
tween the two events more than k times we 
should presently find that we were no longer 
between the two original events, but somewhere 
outside. For in the modular space-time there 
is no absolute system of order relations. We 
only have a partial system of order relations 
based on the correspondence limited by the 
number /. 

It is for this reason that there are no abso- 
lute inequalities of the sort that appear in or- 
dinary mechanics, and that no statements can 
be made which apply to unlimited amounts of 
space or of time or which require more than a 
limited subdivision of space and time. Hence 
the speculations to which I referred above 
about the ultimate fate of the universe, or 
about its distant parts, become impossible. 
Indeed, it becomes impossible te formulate the 
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questions which these speculations purport to 
answer. 

But if the eurrent geometry and mechanies 
ean be fitted so exactly to a space-time of so 
utterly different a character as a modular one, 
there are doubtless many other types of dis- 
continuous space-time to which they can he 
equally well fitted. The moral with regard to 
all speculation which goes beyond the reach of 
experiment is obvious. But if it should be 
found that one of these discontinuous space- 
times fitted experimental results better than the 
continuous one, the situation might be rad- 
ically altered. 

Let us, however, apply our moral to our- 
selves and let these idle speculations go no 
further. Instead, let me urge once more the 
importance of further studies of the founda- 
tions of the classical branches of mechanics. 
It is true that the new conceptions of space and 
time are so varied as to have in common not 
much more than the idea that it is possible to 
characterize natural phenomena in an orderly 
way by means of sets of numbers. This is’ 
about as much as all experimental physicists 
and mathematicians would accept dogmatically. 
It is also true that elementary geometry and 
mechanics lay down a very particular system 
of rules according to which the sets of numbers 
are to be applied to phenomena. But these 
rules are such as our everyday experience has 
made second nature to us, for the experiments 
confirming them, although crude, are being con- 
tinually repeated. Moreover, the rules are so 
good that they can be used in almost any 
theory as the preliminary way of assigning 
the coordinates from which the final coor- 
dinates can be calculated by variational meth- 
ods. New theories are very apt to function 
merely as differential corrections to old ones. 

Hence there need be no fear that further 
work devoted to perfecting the classical the- 
ories will be wasted. They will continue to be 
the instruments by which the vast majority of 
the facts of science are classified and to be re- 
garded as the necessary preliminaries to the 
more esoteric theories. Those who have a taste 
for logistie work may therefore be urged whole- 
heartedly to devote their attention to formu- 
lating the postulates of the classical theories. 
There also seems to me to be a possibility of 
simplifying and modernizing the methods used 
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in these theories and of extending the results 
by bringing in more of the modern methods of 
mathematics, but that is not the present subject 
of discussion. What I wish to emphasize now 
is the need of logistic studies which will make 
it possible to say more definitely than is yet 
possible in this field what is assumed, what is 
proved, and how the group of theorems and 
definitions hang together. Incidentally, I 
would propose that the number of undefined 
terms be made large, rather than as small as 
possible, for whenever we introduce a new 
undefined term we separate off a group of 
theorems in which this term appears. Thus 
the undefined terms should be so chosen as to 
subdivide the science into divisions which are 
convenient both for mathematical and for phys- 
ical purposes. 
OswaLp VEBLEN 
PRINCETON UNIVERSITY 





PASTEUR, THE MAN! 


PastrguR_has told us that scientific under- 
standing comes to the “prepated mind” In 
reading the splendid “Lite of Pasteur” written 
by his son-in-law, Vallery-Radot, as well as 
the more recent tributes by Duclaux and by 
Descour, one is impressed by the lack of detail 
as to how Pasteur’s own mind became “pre- 
pared.” The story has lately been told in 
greater detail by Mare Tiffeneau.2 Pasteur, 
as everybody knows, was the son of a tanner 
who had been a soldier under Napoleon. Pas- 
teur entered the Ecole Normale at Paris when 
he was twenty-one years old, and graduated 
three years later in 1846. He became a dem- 
onstrator (agrégé préparateur) in chemistry, 
a position which had just been established in 
order to allow young men to continue their 
laboratory researches instead of exiling them 
to provincial professorships. About the same 
period, in the year 1845, Auguste Laurent left 
the chair of chemistry at the University of 
Bordeaux, which he had oceupied since 1838, 
because he did not find there sufficient oppor- 


1 An address delivered on the centenary of the 
birth of Pasteur on December 27, 1922, before a 
meeting of the Federation of Societies for Ex- 
perimental Biology held at Toronto, Canada. 

2 Tiffeneau, M.: Bull. Soc. frangaise de la his- 
toire de médicine, 1921, 15, 46. 
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tunity for research. Arriving in Paris, he ac- 
cepted the offer of a new laboratory in the 
Ecole Normale, and it was not long before 
Laurent recognized the exceptional character 
of his young assistant, Pasteur, an ardent 
worker and a brilliant thinker. Laurent was 
at this time thirty-eight years old. He was the 
son of simple French peasants; he was born, 
lived and died poor. When twenty-two years 
of age he graduated as engineer of mines and 
later became the assistant of Dumas, who 
taught him the principles of organic analysis. 
His doctor’s thesis considered the doctrine of 
chemical substitutions, which is one of the 
pillars of the atomic theory, and the thesis 
described specifically the action of chlorine on 
organic compounds. He and his inseparable 
friend, Gerhardt, were the real founders of 
the atomic theory. Laurent now suggested to 
Pasteur the subject of his thesis, which also 
involved the then great controversy of chem- 
ical substitutions. On August 23, 1847, Pas- 
teur presented for his doctorate a paper enti- 
tled ‘Research into the saturation capacity of 
arsenious acid. A study of the arsenites of 
potash, soda and ammonia.” Pasteur herein 
writes regarding Laurent that he had been 
“enlightened by the kindly advice of a man 
so distinguished both by his talent and by his 
character.” 

And on another oceasion he says, “Laurent’s 
lectures are as bold as his writings, and his 
lessons are making a great sensation among 
chemists.” For Laurent, in 1846, gave the 
first course on “chemical anatomy” under the 
Faculty of Medicine of Paris to crowded elass- 
rooms, and here for the first time enunciated 
the atomic doctrine before medical students. 

Laurent, having been trained as a mining 
engineer, had a remarkable knowledge of 
erystallography, and in 1845, according to 
Tiffeneau, had shocked his colleagues by de- 
claring that substances which were isomeric 
could erystallize in different systems. 

When Laurent left the laboratory in 1847 
Pasteur was already the master of his technic. 
Shortly thereafter Pasteur became interested 
in the relation between chemical structure and 
the power to rotate polarized light, from which 
arose his celebrated studies upon the molecular 
dissymmetry of tartarie acid published in 1848. 

To Biot, an old man of seventy-four who 
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had first applied the polariscope in the study 
of the rotation of glucose solutions, he demon- 
strated that by picking out right and left- 
handed hemihedral crystals of tartarie acid and 
making of them separate solutions, these solu- 
tions were respectively dextro- and levo-rotary. 
Pasteur relates the outcome in these words, 
“Then, very visibly affected, the illustrious old 
man took me by the arm and said, ‘My dear 
child, I have: loved science so much all my life 


' that this makes my heart throb.’ ” 


In one of his letters Pasteur exclaims, “I, 
who did so love my crystals.” 

It has seemed worth while to consider how 
the youthful, highly receptive mind of Pasteur 
struggled out of its native environment to re- 
ceive the endowment obtained in Paris from 
intellectual association with the best the world 
had to offer. While inheritance from good 
germinal protoplasm may be an essential fac- 
tor of intellectual power, yet in science the 
training of the mind at the hands of a master, 
so that the fruitful knowledge of the time is 
sown in younger and not yet worn-out mental 
soil, is the secret of advance from generation 
to generation. Pasteur himself sowed this 
seed in the minds of Calmette, Chamberland, 
Roux and Metchnikoff. A colonial dependency 
of Great Britain having half the population of 
the present city of New York produced Ben- 
jamin Franklin and Benjamin Thompson at 
the same time that it produced Washington, 
Alexander Hamilton and John Jay. But the 
minds of Franklin and Thompson were 
stamped with manifold European contacts. 

The scientific mind is more than a good in- 
tellectual inheritance, more than that a great 
master has had it in charge, and Pasteur has 
thus described it: “The illusions of an experi- 
menter form a great part of his power. These 
are the preconceived ideas which serve to guide 
him. Many of them vanish in the long path 
which he must travel, but one fine day he dis- 
covers and proves that some of them are ade- 
quate to the truth. Then he finds himself 
master of facts and of new principles, the ap- 
plication of which sooner or later bestows their 
benefits.” 

United with this imaginative power went 
prodigious industry. Pasteur was not one of 
those who sat all day at his desk and expected 
others to accomplish the physical work of the 
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laboratory in the execution of his thoughts. 
This man at least did not seek to avoid physical 
drudgery in the simple surroundings of the 
humble French laboratories of his day. Re- 
flecting on the huge sums spent on the Opéra, 
he writes to the official Moniteur, “I implore 
you take some interest in those sacred dwell- 
ings meaningly described as laboratories.” The 
lesson taught by the consecration of his life 
to a life of labor in a laboratory is that the 
true laboratory worker is a laborer and not a 
loafer. 

Pasteur shows his character in writing a 
wonderful tribute to Claude Bernard at a time 
when the latter was very ill, causing Bernard 
to remark that the article “paralyzed the vaso- 
motor nerves of my sympathetic system and 
caused me to blush to the roots of my hair.” 
One academician wrote of this affair, “The 
public will learn, among other things, that the 
eminent members of the academy admire and 
love each other, sometimes with no jealousy.” 

Pasteur, as the world knows, was convinced 
that the process of alcoholic fermentation was 
bound up in the life of the yeast cell, a doctrine 
violently combatted by Liebig “with a vigor 
and obstinacy characteristic of the man and 
inversely proportional to the strength of the 
argument” (I'..J. Moore). The discovery later 
by Buchner that a zymase could be expressed 
from yeast which would produce alcoholic fer- 
mentation, does not invalidate Pasteur’s thesis, 
for Rubner has shown that ninety-five per cent. 
or more of the activity of yeast is actually due 
to the metabolism of glucose within the living 
cell. 

A very human characteristic develops in 
the story of the life of Pasteur when we are 
told of his dismay and distress to find, after 
the death of his true and trusted friend Claude 
Bernard, some notes which threw doubt upon 
Pasteur’s interpretation of alcoholic fermenta- 
tion! How often this human weakness occurs! 
I have sat next to a member of the Federation 
of Societies for Experimental Biology at a time 
of the dismemberment of one of his theories at 
the hands of another member and heard the 
agonizing ery, “I thought X was a friend of 
mine.” Heart-breaking and human though 
this be, it is logically absurd to build friend- 
ship upon the basis of a similarity of intel- 
lectual metabolism. 
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It is not necessary here to refer to Pasteur’s 
services to the world in the subjects of bacteri- 
ology and immunology. Suffice it to say that 
they have saved to France alone many times 
the cost of the Franco-Prussian war of 1870. 
And this transforming work of Pasteur may 
be contrasted with an early statement of Liebig, 
expressed in 1845, “As to the opinion which 
explains putrefaction of animal substances by 
the presence of microscopic animalcules, it may 
be compared to that of a child who would ex- 
plain the rapidity of the Rhine by attributing 
it to the violent movements of the numerous 
mill-wheels at Mayence.” 

Finally, let it be remembered that Pasteur 
was a deeply religious man. On Armistice 
Day, 1918, the London crowd at first instinc- 
tively surged to Buckingham Palace, where 
lives the king, and then instinctively to St. 
Paul’s Cathedral. Pasteur puts it thus: “The 
idea of God is a form of the idea of the 
Infinite. As long as the mystery of the In- 
finite weighs on human thought, temples will 
be erected for the worship of the Infinite, 
whether God is ealled Brahma, Allah, Jehovah 
or Jesus; and on the pavement of those tem- 
ples men will be seen kneeling, prostrated, 
annihilated in the thought of the Infinite.” 

He himself lived a life closely approaching 
the infinitely valuable. 

GraHAM LUSK 

CORNELL UNIVERSITY MEDICAL SCHOOL 





SCIENTIFIC EVENTS 
THE PAN-PACIFIC SCIENCE CONGRESS 


On the representations of the Australian 
National Research Council, it has been decided 
to hold the next Pan-Pacifie Science Congress 
in Australia in 1923. The meeting will com- 
mence at Melbourne on August 13 and ter- 
minate at Sydney on September 3. The event 
will be an important one in the history of Aus- 
tralian and Pacifie science. The common- 
wealth government through its prime minister, 
Mr. W. M. Hughes, has decided to extend its 
support to the meeting, and has agreed to pro- 
vide the sum of £5,000 towards the cost. Invi- 
tations to send representatives have been issued 
by the commonwealth government to the vari- 
ous countries bordering the Pacific or having 
interests therein, while the Australian National 
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Research Council is inviting a large number of 
leading scientific men who are interested in 
Pacifie matters to attend and take part in the 
proceedings. 

The first Pan-Pacific Seience Congress was 
held in Honolulu in August, 1920, and the work 
accomplished on that occasion served to show 
the great value and importance of such meet- 
ings between representatives in and around the 
Pacific. It is proposed that these congresses 
so successfully inaugurated at Honolulu should 
be continued triennially. In addition to the 
benefit arising from the interchange of scien- 
tific thought, a mingling of leaders of science 
will tend to the bringing about of a better 
understanding between the peoples of the 
Pacifie. 

Among the office bearers are the following: 

Australian National Research Council: Pro- 
fessor Orme Masson, The University, Mel- 
bourne, president; R. H. Cambage, Royal 
Society, Sydney, honorary secretary-treasurer ; 
Professor A. C. D. Rivett, The University, 
Melbourne, joint honorary secretary. 

Pan-Pacific Committee: Professor Sir Edge- 
worth David, The University, Sydney, chair- 
man; E. C. Andrews, Mines Department, Syd- 
ney, honorary secretary. 

The tentative list of subjects for papers and 
discussion is as follows: 

A. Agriculture and Veterinary Science: Soil 
problems, climate in relation to crops, plant 
pathology and plant breeding. Diseases of live- 
stock in the Pacifie region: Methods of eradica- 
tion and control. 

B. Anthropology and Ethnology: 
and Melanesian races, Australian 
totems, languages, folk-lore, anatomy. 

C. Biology: General plant distribution in the 
Pacific; floras of island groups and of individual 
Insects harmful to the planter and 
Role of insects in transmitting disease 
The distribution 


Polynesian 
aborigines, 


islands. 
farmer. 
and the control of weed pests. 
of animals. Fisheries. 

D. Geography and Oceanography: Marine eur- 
rents, continental shelves, charting in the Pacific. 

E. Geology: Coral reefs, glaciation, structure of 
the Pacific region, Carboniferous and Permian 
problem, correlation of Cretaceous and Kainozoic 
sediments in Pacific, mineral resources, vulcan- 
ology, geological surveys. 

F. Hygiene and Climatology: Mining hygiene, 
ventilation, dust prevention. Tropical diseases, 
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hookworm, malaria. Climate in its relation to 
human efficiency. 

G. Physics: Isostasy, are of meridian in Aus- 
tralia, longitude by wireless, weather cycles and 


weather forecasting. 


INTERNATIONAL CONFERENCE OF PHYTO- 
PATHOLOGY AND ECONOMIC 
ENTOMOLOGY 

ANNOUNCEMENTS have recently been re- 
ceived in this country inviting plant patholo- 
gists and entomologists to attend an Interna- 
tional Conference of Phytopathology and Eco- 
nomic Entomology in Holland during June, 
1923. Arrangements for this conference are in 
charge of a committee composed of Professor 
Dr. H. M. Quanjer, Professor Dr. Johanna 
Westerdijk, N. van Poeteren, T. A. C. 
Schoevers, J. Hudig, Dr. E. van Slogteren, 
G. Kruseman, J. C. Dorst, J. G. Hazeloop, 
E. H. Krelage and J. H. van Straaten van Nes. 

The committee invites those who wish to 
read papers or bring up for discussion urgent 
questions on plant diseases or insect pests. The 
titles and short abstracts of the papers or 
questions for discussion should be sent in ad- 
vance to the secretary, Mr. T. A. C. Schoevers, 
Villapark 8, Wageningen. The official lan- 
guage of the conference will be English, but 
papers can be read and discussion held in 
either English, French or German. 

The conference will be held from June 25 to 
June 30, 1923, and participants are invited to 
arrive at Wageningen on Sunday, June 24. 
The following program has been arranged: 

Monday, June 25: Presidential address of wel- 
come and lecture on plant diseases as seen from 
the standpoint of general pathology. Demonstra- 
tion of experiments, especially on potato diseases. 
In the afternoon and evening addresses, papers 
and discussions. 

Tuesday, June 26: Address by Mr. van Poeteren 
on organization and methods of the Dutch Phyto- 
pathological Service. Discussion on international 
laws and requirements. In the afternoon demon- 
strations of some methods of control of pests and 
diseases as practiced in Holland, e. g., the fur- 
rowing-wheel to destroy leather-jackets, control 
of American gooseberry mildew, of smut and 
stripe in grain crops, ete. Evening meeting: Ad- 
dresses, papers and discussions. 

Wednesday, June 27, and Thursday, June 28: 
Trips through the country. To prevent conges- 
tion of the program, participants are requested 


SCIENCE 





{ VoL. LVII, No. 1466 


to subdivide into those interested in agriculture 
and those interested in horticulture. On Wednes- 
day morning the first group will travel by rail to 
Friesland, where farms and _ selection-fields of 
potatoes are to be visited; next day Groningen 
Agricultural Experiment Station, address of Mr. 
Hudig on diseases of crops on alkaline and sour 
soils, and visit to Mr. Hudig’s experiments. Visit 
to the Experimental Farm of the Groningen Seed 
Growers’ Association. 

The second group will visit first the nurseries 
of Boskoop and Aalsmeer, situated in a typical 
Dutch country region below sea level; thereafter 
visit to the bulb-growing districts near Haarlem. 
Dr. v. Slogteren will address the company and 
give a demonstration on modern methods of com- 
batting some bulb diseases, e. g., eelworm. This 
trip will end with a visit to the early potato dis- 
tricts of North Holland, where selection is prac- 
ticed. 

It would be possible to form a third group for 
visiting other centers of culture, such as the 
Westland, the most important district growing 
vegetables and fruit under glass; afterwards the 
orchards in North Holland and the early potato 
fields in the same district might be visited. 

Friday, June 29: Meeting of Baarn; address 
of Professor Westerdijk on the cultivation of 
parasitic fungi and demonstration of research 
work. Afternoon devoted to discussions and 
inspection of the international collection of fungi- 
cultures. This meeting will be continued during 
the evening for addresses, papers and discussions, 
and to Saturday morning, if desired. 

Saturday, June 30: In the afternoon of that 
day the conference will leave for the Hague, for 
an informal meeting at the office of the minister 
of agriculture. Thereafter the committee will 
entertain all participants at dinner in the bathing 
resort Scheveningen. 


All scientific men planning to attend the con- 
ference should notify Secretary Schoevers in 
order that proper arrangements may be made 
for transportation and entertainment. 


APPALACHIAN FIELD TRIP 


Memeers of the Department of Geology in 
the Mississippi Agricultural and Mechanical 
College in the late summer of 1922 completed 
an Appalachian field trip in two automobile 
trucks, touring parts of eight states and cover- 
ing more than 2,000 miles in direct travel. 

From the college to Tuscaloosa, the whole of 
the Cretaceous was crossed. At various places 
from Birmingham, through Anniston, Gadsden, 
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Chattanooga, Cleveland and (Knoxville, to 
Jellico, numerous stratigraphic sections of the 
Paleozoic beds were measured and many strue- 
ture sections of the Southern Appalachians were 
made. On a side trip from Cleveland to Duck- 
town, Copper Hill and beyond, Archeozoic and 
Proterozoic beds were examined. In addition, 
coal, iron, zine and copper mines; dolomite, 
limestone, slate and marble quarries; and iron, 
aluminum, and acid (industrial) plants were 
visited. 

Across central Kentucky, the Blue Grass re- 
gion of horizontally-bedded limestones was 
traversed. From Cincinnati to Columbus and 
thence across southeastern Indiana to New A\l- 
bany, the glaciated area was studied. In west- 
ern Kentucky, from Louisville to Mammoth 
Cave and Bowling Green, the eave and sink 
topography was almost continuously under ob- 
servation. Thence the beautiful Blue Grass re- 
gion of Tennessee, the phosphate mines about 
Nashville, the Wilson Dam power project at 
Muscle Shoals, and finally home. 

Irom seats of vantage in the trucks, which 
passed across the plains, down into the valley 
depths, and over the mountain tops, the ever 
present and continuous opportunity was one of 
unobstructed vision. Under such conditions on 
this trip from a Gulf state to a Great Lakes 
state and back over a different route, obviously 
the great thing was the study of some of the 
larger phases of geology. 
true of that part which may be termed geologic 
control of industrial environment. Ii 
major feature of the trip. 

The tour aroused considerable interest among 
members of geologic departments of a number 
of universities and in deference to their requests 
it may be appropriate to mention something 
about the equipment, expense, ete. The two 
trucks were one-ton, high-gear Fords, equipped 
with bodies especially designed for field trips 
about the college. Three of the four seats were 
removed from one of the cars and in it the 
baggage and camp equipment were carried, 
while the other one was used as a passenger 
car. Only the maintenance (gasoline, repairs, 
ete.) cost, which seareely exceeded the original 
individual deposit of twenty-five dollars, was 
charged to the members of the party, consisting 
of two instructors, Professors Morse and Vestal, 
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and ten students. The living expense was ap- 
proximately the same amount. 
W. O. M. 


REPORT OF THE DIRECTOR OF THE NEW 
YORK BOTANICAL GARDEN 

In his annual report to the board of managers 
Dr. N. L. Britton, director-in-chief of the New 
York Botanical Garden, stressed the need of 
funds to more completely develop the usefulness 
of the garden, commented on the greatly in- 
creased interest in plants of all kinds and spoke 
of the difficulty of preserving the beauty of the 
natural features of the reservation with the 
constantly growing number of visitors and with 
what he characterized as insufficient police su- 
pervision. 

The following officers were elected to the 
Board of Managers: Dr. Frederic S. Lee, 
president; Henry W. de Forest and Frank L. 
Sturgis, vice-presidents; John L. Merrill, treas- 
urer; Henry de la Montague, Jr., assistant treas- 
For the last 
three years Dr. Lee has served as vice-president 


urer; Dr. N. L. Britton, secretary. 


of the board. 

Dr. Britton’s report deals with the progress 
made in the improvement of the grounds, in the 
increase, development and study of the collec- 
tions of plants, specimens and beoks and in 
educational and scientific work. A somewhat in- 
sufficient foree of gardeners and laborers also 
has militated against the more perfect main- 
tenance of the older plantations. 

The collections are now among the largest 
and most important anywhere, but their ex- 
tended usefulness and inerease, the further de- 
velopment of the reservation of nearly 400 
aeres, the completion of the buildings and the 
extension of educational and scientific work re- 
quire more funds than as yet have been made 
available. 

Approximately 16,000 kinds of plants have 
been in cultivation during the year, about 9,000 
of which were under glass and 7,000 outdoors. 
The inerease of the record over 1921 is largely 
covered by the planting in the iris garden and 
the new rock garden. The garden had the co- 
operation of the American Iris Society in the 
work in the iris garden; Mrs. Mortimer J. Fox 
and T. A. Havemeyer gave their aid in inecreas- 
ing the collections of lilies, Mr. Havemeyer also 
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contributing a valuable series of lilacs. Messrs. 
Bobbink and Atkins, in continued cooperation 
with the Horticultural Society of New York, 
gave 2,700 plants for the rose garden. 

In the rock garden the arrangement of gravel 
and top soil and the planting of over 400 kinds 
of plants, ineluding over 5,000 individuals, have 
been largely the work of Dr. E. B. Southwick, 
custodian of herbaceous grounds. 

The rearrangement of the cactus collection 
and the improvement and development of the 
southern part of the garden reservation along 
Pelham Parkway also are dealt with in the re- 
port. The latter was carried forward at two 
points. One of these lies east of the mansion 
approach entrance, where about 350 feet of the 
boundary wall and fence have been built. The 
other area lies between the iris garden entrance 
and the Bronx River, where some 400 feet of 
the boundary wall and fence, including piers 
for the hemlock grove path entrance, built from 
the bequest of Emma Chambers Jones, grading 
and drainage have been done and some 400 
feet of path system partly built and a screen 
of trees planted. 

Appended reports were made by Dr. H. A. 
Gleason, assistant director; Dr. John K. Small, 
head eurator; Dr. Murrill, supervisor of public 
instruction; Kenneth R. Boynton, head garden- 
er; Dr. A. B. Stout, director of laboratories; 
Dr. Henry H. Rusby, honorary curator of the 
economic collection; Mrs. N. L. Britton, honor- 
ary curator of mosses, and others of the staff. 





SCIENTIFIC NOTES AND NEWS 


AT the recent meeting of the Geological So- 
ciety of America, at Ann Arbor, David White, 
who recently retired as chief geologist of the 
United States Geological Survey, was elected 
president. The following vice-presidents were 
elected: Wiliam H. Hobbs, William H. Em- 
mons, T. Wayland Vaughan, Edgar T. Wherry. 


Proressor M. F. Guyer, chairman of the 
department of zoology of the University of 
Wisconsin, was elected president of the Amer- 
iean Society of Zoologists at the recent Boston 
meeting. 

THE Society of American Bacteriologists has 
elected the following officers for 1923: Pro- 
fessor E. G. Hastings, University of Wisconsin, 
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president; Major A. Parker Hitchens, U. §, 
Army Medical School, vice-president; and Dr. 
J. M. Sherman, U. S. Department of Agri- 
culture, secretary-treasurer. 


At the annual meeting of the American 
Physiological Society at Toronto, December 27, 
28, and 29, 1922, the officers elected were: Pro- 
fessor Anton J. Carlson, University of Chicago, 
president; Professor Charles W. Greene, Uni- 
versity of Missouri, secretary; Professor Joseph 
Erlanger, Washington University, St. Louis, 
treasurer; Professor Arno B. Luckhardt, Uni- 
versity of Chicago, and Professor John R. Mur- 
lin, University of Rochester, were elected to 
the council. 


Dr. Exvsiz CLews Parsons has been elected 
president of the American Ethnological Society, 
New York. 

SecretTaRy Hoover has designated Dr. Fay 
C. Brown, assistant director of the Bureau of 
Standards, to be acting director. 


Sm Wiiuram H. Brace, Quain professor of 
physies in the University of London, has been 
elected a corresponding member of the Paris 
Academy of Sciences in the section of physies. 


Proressor J. Scuur, mathematician of the 
University of Berlin, has been elected a mem- 
ber of the Berlin Academy of Sciences. 


As Dr. CHaurrarp, professor of clinical medi- 
cine at the School of Medicine, who has been 
the vice president of the Paris Academy of 
Medicine, has become president for the year 
1923, in accordance with the constitution, the 
academy has eleeted Dr. J. A. Doléris vice presi- 
dent. Dr. Doléris is an honorary obstetrician 
to the hospitals of Paris. The academy also 
elected Dr. Souques as annual secretary, and 
Professors Pouchet and Schwartz as members 
of the administrative council. 


Ricuarp V. AGeton, of the Bureau of Mines, 
who has been doing examination work for the 
War Minerals Relief Commission, is acting as 
assistant chief mining engineer of the bureau. 

Dr. P. V. Weis of the opties division of 
the Bureau of Standards has resigned to take 
up research work for the E. I. du Pont de 
Nemours Company, Parlin, New Jersey. 

JEROME ALEXANDER, M.Se., has now an office 
in the Chemists Building, New York City, as 
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consulting chemist with special reference to 
ecoHoid chemistry and its applications. 


Dr. Ropert M. Yerxes, A.M., director of 
the Division of Personnel Administration of 
the National Research Council, reported for 
duty on Deeember 3 to the commanding officer 
of the Army War College for three weeks’ 
service in connection with army personnel 
methods. Since Professor Yerkes’s discharge 
from the army he has been a heutenant-colonel, 
Officers’ Reserve Corps, assigned for duty in 
case of need to the Division of Operations of 
the General Staff. 


Dr. Gano Dunn has been appointed by the 
council of the Institution of Electrical Engineers 
of Great Britain to be local honorary secretary 
of the institution for the United States in the 
place of the late Mr. George G. Ward. 


VeRNE L. Havens, director of the Ingenieria 
Internacional, has been made permanent secre- 
tary of the International Engineering Congress, 
composed of engineers of North America and 
the Latin-American republics. 


Tue Institute of American Meat Packers, 
Chicago, has appointed a committee consisting 
of W. D. Richardson, chief chemist, Swift & 
Company, Paul Rudnick, chief chemist, Armour 
& Company, and L. M. Tolman, chemieal di- 
rector, Wilson & Company, to seleet a suitably 
qualified chemist for the position of director 
of scientific research of the institute. 


Dr. Battey WILLIs, emeritus professor of 
geology, Stanford University, sailed for Chile 
on January 11 to investigate the evidence of the 
recent earthquake, in response to an invitation 
sent to the Carnegie Institution of Washington 
through the Chilean Embassy. 


Hereert FE. Gregory, professor of geology 
at Yale University and director of Bishop 
Museum, Honolulu, is returning to Hawaii on 
February 1 to remain until October. 


Mr. Cuartes W. Hoy, of the Smithsonian 
Institution, left Washington December 15 for 
a two years’ trip in Central China, in the basin 
and mountains of the Yang-tse, devoting most 
of his time to collecting mammals, birds and 
fishes, 


ProFessoR OswaLpD VEBLEN, of Princeton 
University, has been granted leave of absence 
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for the second semester of 1922-23 and is to 
spend it in Europe. 


Dr. Water G. Capy, professor ef physics 
at Wesleyan University, has been granted leave 
of absence for the second half of the academic 
year. He plans to go abroad visiting labora- 
tories in Italy, France and England. 


Dr. Henry B. Warp, professor of zoology 
at the University of Illinois and national presi- 
dent of the Society of Sigma Xi, recently de- 
livered the annual Sigma Xi lectures at the 
Missouri and Kansas chapters and at the Sig- 
ma Xi Club at the University of Oklahoma, on 
the following subjects: “The factors which 
eontrol and direct the migration of the Pacifie 
salmon” and “The struggle of man with the life 
of the wilderness in North America.” 


Dr. Puitip A. SHarrer, professor of bio- 
logical chemistry at Washington University, will 
deliver the sixth Harvey Society lecture at the 
New York Academy of Medicine, on Saturday 
evening, February 10. His subject will be 
“Antiketogenesis: its mechanism and sigmnifi- 
cance.” 

Tue Harvard Engineering Society held its 
annual dinner in New York on February 1 at 
the Harvard Club. President C. R. Richards of 
Lehigh University, Dr. Charles P. Berkey, Co- 
lumbia University, and Albert Palmer, presi- 
dent of the undergraduate section of the society, 
were the principal speakers. 


Proressor M. I. Puprtn, of Columbia Uni- 
versity, lectured before the New York ‘section 
of the American Institute of Electrical En- 
gineers, on January 19, on “The story of modern 
physies.” 

PROFESSOR GreORGE C. WHIPPLE, of Harvard 
University, gave on January 6, 13, 20 and 27 
at the Wagner Free Institute of Science four 
lectures on “The philosophy of sanitation.” 


Dr. A. E. ReNNELLY, professor of electrical 
engineering at Harvard University and the 
Massachusetts Institute of Technology, on Jan- 
uary 11, gave a lecture before the Franklin 
Institute of Philadelphia on “The principles 
of electrical vibration instruments.” 


Dr. Marston T. BoGert, professor of chem- 
istry in Columbia University, gave a leeture at 
Connecticut College for Women, New London, 
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Conn., on January 23 on “Synthetic dyestuffs 
and their bearing on the life of the individual 
and of the state.” Other leetures on science, 
scheduled for March 20 and 27, are “The pur- 
suit of the atom,” by Professor Frederick A. 
Saunders of Harvard University, and “Psy- 
chology and democracy,” by Professor Robert 
S. Woodworth of Columbia University. 


A art of $11,000 has been made to Lafayette 
College to establish the “Joseph Johnson Hardy 
Memorial Fund” as a tribute to the services of 
the late Professor Hardy, for forty-five years 
teacher of mathematics at Lafayette. The in- 
come is to be divided at each commencement 
equally among the five members of the faculty 
oldest in point of continuous service, without 
regard to rank, so long as engaged in full- 
time teaching. 


At the Pasteur centenary meeting held at 
the New York Academy of Medicine on January 
10, the president of the academy, Dr. George 
David Stewart, announced that the rights to 
Sacha Guitry’s play “Pasteur” have been ac- 
quired for Henry Miller. The play will be 
presented by the Charles Frohman Company, 
Henry Miller taking the title rdle. The English 
version of the play has been made by Arthur 
Hornblow, Jr. 


A MONUMENT to Pasteur is to be erected at 
Strasbourg, subscribed by men of science and 
learning throughout the world. The monument, 
which is the work of the Lyons seulptor, Lari- 
vée, will be placed in front of the university, 
near that of Goethe. It is an obelisk 10 feet 
high with a medallion of Pasteur and allegor- 
ical figures on either side. The International 
Exhibition of Hygiene, which is being prepared 
at Strasbourg, will cover more than 12,000 
square yards. Different sections will show the 
influence of Pasteur’s work on the life of man 
and animals, agriculture and industry. A Pas- 
teur Museum will complete the exhibition. 


Dr. Joun Aspury ELLiort, professor of plant 
pathology at the University of Arkansas and 
pathologist in the Arkansas Agricultural Ex- 
periment Station, died on January 18 at Wash- 
ington, D. C., where he was expecting to spend 
the month of January with the Department of 
Agriculture in plant disease survey work. He 
died of pneumonia as a complication following 
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bronchitis, contracted while attending the Bos- 
ton meeting, and was interred at Washington, 
D. C. 


Proressor 8. S. Kewuer, head of the de- 
partment of mathematics of the Carnegie In- 
stitute of Technology, died in Baltimore on 
January 12. Professor Keller had been a mem- 
ber of the faculty of the institute for the past 
seventeen years. 


Proressor JOHN W. CALDWELL, emeritus 
professor, formerly head of the department of 
chemistry in Tulane University of Louisiana, 
died on January 2 at his home in New Orleans. 


Dr. Joun H. Larkin, associate professor of 
gross pathology at the New York Homeopathic 
Medical College and Flower Hospital, died on 
January 17 at the age of fifty-three years. 


Dr. K. Kerresz, of the Hungarian Museum, 
the well-known writer on Diptera and the 
author of the great catalogue of the Diptera of 
the world, died on December 28. 


Tue United States Coast and Geodetic Sur- 
vey has received a eablegram from Leyden, Hol- 
land, announcing the death in that city, at a 
very advanced age, of Dr. H. G. van de Sande 
Bakhuyzen, formerly director of the Leyden 
Observatory. For many years Dr. Bakhuyzen 
was permanent secretary of the International 
Geodetic Association. 


THe death is announced of the eminent 
Italian scholar, Dr. Antonio Nobile Favaro, 
professor of projective geometry in the Uni- 
versity of Padua. Professor Favaro was born 
on May 21, 1847, at Padua, where also he died 
on the thirtieth of September, 1922. He is 
known through the national edition of Galileo’s 
works which he edited in twenty quarto vol- 
umes, and by his many historical papers deal- 
ing with the life and times of Galileo. Among 
his most recent contributions is a history of 
the University of Padua, written for the cele- 
bration of the seven hundredth anniversary of 
this institution, the oldest, not only of the 
Italian universities, but of all existing univer- 
sities. 


PresipeNtT Harpine has withdrawn from 
settlement three groups of prehistoric towers 
in southwestern Colorado and _ southeastern 
Utah. These are known as the ruins in Ruin 
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(anyon, Holly Canyon and Cool Spring House 
on Cajon Mesa. It is proposed that these 
eroups be made a national monument. 


Tue agricultural appropriation bill, carrying 
$68,981,553, was passed on January 3 by the 
House of Representatives after Speaker Gillett 
had thrown out on a point of order a motion 
to send it back to committee with directions to 
include $360,000 for congressional free seed 
distribution. 

Av the annual meeting in a joint program on 
the last day of the session of the societies com- 
posing the Federation of American Societies 
for Experimental Biology at Toronto, a very 
interesting scientific program consisting of ten 
papers on the newer discoveries of various 
laboratories in the United States and Canada, 
led by the laboratories of the University of 
Toronto, was held on the subject of the pan- 
creas and the speeific pancreatic secretion, 
insulin. At the annual dinner held on the one 
hundredth anniversary of the birth of Pasteur, 
December 27, 1922, lectures were delivered on 
the lite and works of Pasteur by the following 
speakers: Sir Robert Faulkner, University of 
Toronto; Graham Lusk, Cornell University; 
Albert P. Mathews, University of Cincinnati; 
Ff. G. Novy, University of Michigan. 


Tue Cellulose Division of the American 
Chemical Society has been authorized as a per- 
manent division of the society and wishes to 
enroll as members in the division all those who 
are interested in cellulose chemistry either from 
a scientifie or practical standpoint. All mem- 
bers of the American Chemieal Society wishing 
to become members of this division are re- 
quested to send their names and business con- 
nections together with one dollar for dues to 
the secretary, L. F. Hawley, Forest Products 
Laboratory, Madison, Wisconsin. 





UNIVERSITY AND EDUCATIONAL . 
NOTES 


PLans for a new chemical laboratory for the 
Johns Hopkins University, to be erected at 
Homewood, at a cost of about $600,000, have 
been completed. The details of the building 
have not been made public, but it is known 
that the type of architecture will conform to 
the colonial style of the Homewood group. 





1923 SCIENCE 147 


Bids for contracts for the new $1,000,000 home 
of the Johns Hopkins School of Hygiene and 
Public Health, which will be on Monument and 
Wolfe Streets, as a part of the hospital group, 
will shortly be asked. The plans have been 
completed. This structure will be of Italian 
architecture of brick and stone, and is pro- 
vided through a donation to the school by the 
Rockefeller Foundation. 

A FUND amounting approximately to $3,800 
has been subscribed in honor of Professor 
Appleton, of Brown University, to be known 
as the John Howard Appleton Lectureship 
Fund to provide annual lectures at Brown on 
pure or applied chemistry. 

Brown University has received $50,000 
from the estate of the late Robert P. Brown, 
to endow a professorship in biology. Albert 
Davis Mead, head of the department of biology 
in the university, has been appointed Robert 
Perkins Brown professor of biology. 

Dr. Harry Prarr Jupson, second president 
of the University of Chicago, holding that 
position for sixteen years, has resigned and 
will retire from active work on February 20. 
Dr. Ernest DeWitt Burton, head of the depart- 
ment of New Testament and early Christian 
literature and director of the libraries, has been 
elected acting president. 

Tuomas B. Barns has accepted a position 
as assistant professor of mining-engineering at 
the University of Illinois. 

Hersert R. Haney has been appointed 
associate professor of metallurgy at the Mis- 
souri Sehool of Mines. 





DISCUSSION AND CORRESPOND- 
ENCE 

BALANCING CHEMICAL EQUATIONS 
In the issue of Science for September 1 
(page 258) there is an article deseribing an 
algebraic method of balancing chemical equa- 
tions. The method, which assumes a knowl- 
edge of the formulas of the initial and final 
substances, consists in finding, algebraically, 
sets of values for the coefficients of the equa- 
tions. The author seems to have discovered a 
nearly constant relation between the number 
of elements and of compounds represented in 
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the equation. To the writer the ratio does not 
seem to hold very strictly even in the equa- 
tions cited in the articles; but this may be due 
to a lack of understanding on his part. When 


understood it may be assumed to be accurate, 


and may be useful and rapid in the hands of 
those whose minds readily run along mathe- 
matical channels. It may also be advantageous 
in commercial laboratories, where the end 
sought is simply the relative weights of mate- 
rials taking part in reactions because, being 
mathematical, it suggests an element of cer- 
tainty to the conclusions. It may be especially 
useful in those commercial laboratories where 
the workers have only a superficial knowledge 
of the principles underlying chemical changes 
and therefore can not, with certainty, apply 
chemical methods of balancing. 

But where the end sought is a clear under- 
standing of the principles of the subject the 
method deseribed has in it, as in all mechanical 
methods, an element of danger, since it may 
lead the worker to the belief that the bal- 
ancing of an equation is, per se, proof of a 
thorough understanding of the chemistry 
involved. To the writer it still seems uncer- 
tain wether the newer algebraic method has 
any advantage, either in certainty of conclu- 
sion or in rapidity of work, over the strictly 
chemieal method of balancing. A comparison 
of the two methods may be made by consider- 
ing the first equation introduced by the author 
of the article in question, viz., the reduction of 
silver arsenate by the hydrogen produced by 
the action of zine with sulfuric acid: 

aAgzAsO, + bZn + cH .SO, > 

dAsHgz -++ eAg + fZnSO, — gH,0. 
Sinee the equation shows that the salt is re- 
duced to silver and arsine, it takes but a glance 
to see that for each molecule of the salt there 
is needed sufficient hydrogen (8 atoms) to com- 
bine with the four atoms of oxygen (forming 4 
molecules of water) and additional hydrogen 
(3 atoms) to combine with the arsenic (form- 
ing one molecule of arsine). That is, 11 atoms 
of hydrogen are needed for each molecule of 
the salt. Since an odd number of atoms of 
hydrogen can not be made by the action of 
sulfuric acid on zine the one molecule of salt 
must be multiplied by two, and these require 
22 atoms of hydrogen (from 11 molecules each 
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of zine and sulfuric acid) and there are pr. 
duced 6 atoms of silver, 2 molecules of arsine 
and 8 molecules of water. Thus the smallest 
coefficients necessary to balance the equation 
are easily found, and there is the added ad. 
vantage that the principle and mechanism of 
the reaction are reviewed. 

The other illustrations used by the author 
are as easily analyzed and balanced if there is 
kept in mind the additional thought that the 
salts behave as though they were composed of 
two oxides each (2K Mn04 —> K20, Mne207 and 
KeCr207 > KeO, 2CrO3), the latter oxide in 
each case being reduced to the lowest oxide, 
Finally all the oxides react with sulfuric acid 
to form sulfates. 

In detail, two molecules of the permanganaie 
must lose 5 atoms of oxygen and these com- 
bine with an equal number of atoms of the 
oxygen from 5 molecules of the hydrogen per- 
oxide, forming five molecules each of oxygen 
and water. The three molecules of oxide 
(K20,2Mn0O) then react with three molecules 
of sulfuric acid to form one molecule of potas- 
sium sulfate, two molecules of manganese sul- 
fate and three additional molecules of water 
(eight in all). The equation can then be 
written with the proper coefficients. 

The reduction of the dichromate is more con- 
plicated only in this, that two reducing agents 
are involved, both of which are assumed to be 
oxidized—an assumption which probably would 
not be verified by experiment. 

This note is written, not to criticize the alge- 
braic method of balancing equations, but rather 
as a caution to teachers (especially young and 
inexperienced teachers) and students who 
might adopt it as a means of partially solving 
a rather difficult teaching problem—the writing 
of equations. It might be a help in solving 
this problem, but only at the expense of most 
important and vital teaching points; for the 
proper writing of equations is not an end m 
itself, but only a means of enforcing important 
chemical facts and principles, of studying the 
mechanism of reactions, and of practicing clear 
chemical thinking. All mechanical methods of 
balancing equations disregard these important 
elements in education. 


JaMES H. Ransom 
DECATUR, ILLINOIS 
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A “SPINDLING-TUBER DISEASE” OF IRISH 
POTATOES 

INVESTIGATIONS by the writers have recently 
disclosed that a malady commonly designated 
as “running-long” or “running-out” is an in- 
fectious disease. It has been transmitted from 
diseased to healthy plants by means of tuber 
grafts, vine grafts, leaf-mutilation inoculation 
and plant lice. Proximity of healthy plants 
to diseased plants in the field increases the 
amount of infection. The tubers perpetuate 
the disease from year to year. In the absence 
of control measures the percentage of incidence 
in a given stock increases from year to year. 

Plants infected late in the season may show 
no symptoms in their tubers or elsewhere. 
Plants infected early from the seed-tubers or 
otherwise have erect, spindling stalks, leaves 
that are smaller, more erect and often darker 
green than healthy foliage, and tubers generally 
more eylindrieal, more spindling, more spindle- 
shaped and with more numerous and more con- 
spicuous eyes than are the tubers from healthy 
plants or from plants apparently healthy but 
inoculated late in the season. The yield is re- 
duced somewhat the first year in which the 
symptoms appear in the plants, and more in 
subsequent years from plants growing from 
spindling tubers. In view of the symptoms 
described, the term “spindling-tuber disease” is 
proposed. 

Like other degeneration diseases of potatoes, 
this disease has been attributed in the past to 
senility, reversion and adverse conditions of 
weather, climate, soil and culture. Undoubt- 
edly potato tubers often are poor-shaped be- 
cause of other causes than this disease. It is 
also clear that diseased hills may produce some 
‘tubers not easily distinguished from commer- 
cially acceptable tubers. However, many of the 
losses due to poor tuber shape and to reduction 
in yield are to be attributed to the spindling- 
tuber disease, which is to be found in many 
varieties and in all percentages of incidence. 

More detailed data on this and other degen- 
eration diseases of the potato are being pre- 
pared for publication in a later paper. 

EvuGeneE 8. ScHu.rz 

Unirep States DEPARTMENT OF AGRICULTURE 


DonaLp FoLtsom 
MAINE AGRICULTURAL EXPERIMENT STATION 
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NICOTINE SULPHATE, AN EFFECTIVE 
VERMICIDE FOR SHEEP 


EXPERIMENTS covering a period of three 
years of study on the control of the sheep 
stomach worm, Haemonehus contortur, at the 
Storrs Experiment Station have resulted in the 
finding of an effective dosage for killing stem- 
ach worms. 

The most effective agent used has been a 
40 per cent. nicotine sulphate diluted with 
water. Ten cubic centimeters, or approxi- 
mately two teaspoonfuls of the 40 per cent. 
nicotine sulphate in one quart of water, giving 
four ounces to adult sheep and two ounces to 
lambs. These treatments were used in 948 
cases, and 161 animals have been slaughtered 
twenty-four hours after the treatment and only 
a few live worms have been found in the stom- 
ach, constituting an effective dosage in that 
thousands of worms are commonly found in a 
single stomach. 

The treatment caused the death of five weak 
lambs. While the treatment staggers and even 
kills very weak animals, it can be used without 
danger to other sheep and lambs and one can 
be reasonably sure of the effectiveness of the 
treatment in contrast with the less efficient 
copper sulphate treatment that has been so 
universally recommended. In the experiments 
where the one per cent. copper sulphate was 
used, live worms were found in the stomach 
and stronger solutions caused severe burns. In 
cases where the three per cent. copper sulphate 
solution was used as a dosage, the mortality 
from the treatment was more than sixty per 
cent. 

Twelve hours previous to the treatment, the 
animals were kept away from food. 

Grorce H. Lamson, JR. 

Storrs EXPERIMENT STATION 


SWARMING INSECTS SIMULATING SMOKE 


On February 26, 1921, at 6:30 P.M., per- 
sons strolling about the main building of the 
University of Texas raised a fire alarm because 
of what appeared to them as a wreath of 
smoke issuing from the middle tower. The 
writer was unable to discover any fire within 
the tower but from the roof of the building 
could make out that the “smoke” consisted not 
of carbon particles but of insects. These were 
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issuing from a small hole under the tin and 
flying in a close swarm, gently blown back and 
forth in the breeze like a delicate streamer. 
The swarm played in this manner for about 
fifteen minutes and then seemed to return 
whence they came. 

None of the specimens were recovered from 
this swarm, but there seemed to be no doubt 
that they were Tenebrionid beetles living in 
bat guano in the tower. The insects secured 
from the bat guano this year were kindly 
identified by Dr. Edwin C. Van Dyke as 
Blapstinus pratensis, Lec. 

In this connection the following Associated 
Press dispatch as published in the Austin 
American June 5, 1922, is of interest: 

CHICAGO, June 4.—Mosquitoes flying in such 
thick swarms that they were mistaken for smoke 
caused two fire alarms to be turned in early 
to-day. 

Members of a truck company answered a eall 
saying that the steeple of St. Michael’s Roman 
Catholic Church was burning. The firemen saw 
what they at first supposed was a small cloud of 
smoke and they raised their extension ladders to 
fight the fire. When they mounted the ladder 
they encountered mosquitoes and were forced 
back. The same experience was met by members 
of another engine company called to the Zion 
Methodist Church in another part of the city. 

The fact that these two swarms were en- 
countered the same day gives ground for the 
suspicion that guano beetles, not “mosquitoes,” 
were swarming from bat-infested belfries of 
the two churches. The participation of the 
majority of the members of a species in the 
same locality on the same day of the year is, 
of course, a common phenomenon. If this 
were not so, swarming as a reproductive func- 
tion would lose its adaptive significance. 

CarRL HARTMAN 

THE UNIVERSITY oF TEXAS 





QUOTATIONS 
A SUPER-UNIVERSITY 
THE meeting of the American Association 
for the Advancement of Science in Cambridge 
fulfills in a way the vision which Franklin K. 
Lane had of a “super-university.” In a letter 
written in his own hand on the day before he 
went on the operating table in May of 1921, 
he deseribed this “place of exchange for the 
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new ideas that the world evolves each year” 
follows: 

No faculty—but a super-university with all the 
searchers and researchers, inventors, experi. 
menters, thinkers of the world for faculty. \, 
students—but every man the world round inte;. 
ested in the theme under consideration weleom 
as a student without pay. 

Except that the meeting in Cambridge wa: 
national in its personnel, it answered very well 
Mr. Lane’s definition. Nearly all the depar. 
ments of human knowledge were represented: 
chemistry, botany, anthropology, mathematics, 
physies, geology, geography, zoology, agricul. 
ture, psychology and the economic and social 
sciences. Those not included were represenie( 
in like meetings elsewhere. A thousand paper: 
were presented, from Professor Edmund 3. 
Wilson’s on “The physical basis of life” an/ 
Dr. Bell’s discussion of the smashing of atons 
to a study of baldness and of the ideal statur 
of successful salesmen. Every paper meant 1e- 
search into the field of the unknown in man‘ 
environment and most of them pushed back by 
much or little the mystery that surrounds hi: 
existence or made friends for him of forces tha: 
before seemed hostile to his freedom or his lite. 

This meeting also gave the super-university 
“Faculty”—serving for very love of the trut! 
itself in most eases—an audience that was ger- 
erally competent to understand what wa: 
brought before it. And when the results are in- 
telligently, intelligibly and accurately reported, 
as was done by the Times, the student body 
becomes larger than that of any university, 
larger even than that of the super-universi'y 
conceived by Mr. Lane. 

There is only one thing lacking, and that 
a permanent exhibition of the yearly incremen' 
made by man’s conquest of his environment % 
that the public may have aa opportunity to se 
(so far as it ean be visualized) “all that 
new in science, philosophy, practical political 
machinery and all else of the world’s min 
products.” if there could be a place for suc! 
permanent exhibition and illustration of th 
contributions for the year of scientific resear¢! 
and experiment and invention (and “why 00 
in New York?” said Mr. Lane), the value 0 
such meetings as that at Cambridge and » 
other parts of the world would be vastly 
ereased.—The Times, New York. 
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PROBLEMS IN THE DETERMINATION 
OF PHYSICAL PROPERTIES 


In preparing for publication the data on 
physical properties of chemical substances, the 
editorial staff of International Critical Tables 
will find from time to time that important 
physical properties of substances of technical 
and scientific importance are missing from the 
literature. As fast as we become aware of 
missing data of this character, it is our policy 
to formulate research problems covering such 
missing data and to endeavor to interest chem- 
ists and physicists in undertaking the necessary 
investigations to supply the required data. 

Most of the research problems formulated 
in this way will be suitable for bachelors’ or 
masters’ theses and in a few instances topics 
sufficiently broad to be suitable for doetors’ 
theses will also be available. Many of them 
will be suitable for experimental problems in 
the ordinary laboratory courses in physical 
chemistry and physics. Thus, for example, the 
laboratory experiment covering the determina- 
tion of solubility might to advantage deal with 
substanees whose solubility is needed but is 
unknown. The average of the determinations 
made by a class of students, while not as aecu- 
rate and reliable as the determinations made by 
a skilled investigator, will nevertheless be very 
valuable when they constitute the only data 
available on the subject. Moreover the average 
student will be more interested in a laboratory 
experiment the results of which are of actual 
value and worthy of publication than he would 
be in repeating for the nth time the measure- 
ment of a property of some system which has 
been measured many times before. 

International Critical Tables will be glad to 
submit to interested instructors in universities 
and colleges lists of problems of this character 
and to advise as far as it ean concerning suit- 
able apparatus and methods of measurement. 
It may be possible also in some instances to 
secure moderate financial assistance to aid in 
the purchase of materials and apparatus for 
investigators interested in earrying out work 
ot this character. The results of such work 
may be published by the investigator in any 
appropriate publication medium and _ they 
should also be reported in duplicate to the 
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office of International Critical Tables on com- 
pletion of the work. 

A number of problems on the following sub- 
jects are available at the present date: Heats 
of combination: solid oxides; Fe compounds. 
Specific heats: brass; solid exides; steels; oils 
and fats; petroleum products; metals; salts; 
Fe compounds; asphalts. Latent heats of 
fusion: brass; metals. Heat conductivity: 
steels. Latent heats of vaporization: petro- 
leum products. Viseosities: industrial mate- 
rials; solutions. Kinetics: rates of drying; 
hydrolysis of industrial materials; catalysis; 


transpiration of moisture; biochemical. 
Strength: industrial materials. Thermal ex- 
pansion: steels; Fe compounds. Freezing- 


point-solubility diagrams: salts; acids; metals 
in water; soaps. Boiling points: solutions. 
Solubility of gases: in molten metals; in water. 
Chemical equilibrium; dissociation pressures at 
1600° C. Electrical conductivity: metals; re- 
fractories. Properties of colloidal systems; in- 
dustrial materials. Vapor pressures: metals; 
solutions. Specific rotatory power: gliadin. 
Index of refraction: solids. Density: certain 
organic compounds; solutions. Flash points. 
Surface tensions: solutions. 
INTERNATIONAL CRITICAL TABLES 
1701 MassacHUSETTS AVENUE, N. W., 
WASHINGTON, D. C. 





SPECIAL ARTICLES 
GLUE BUBBLES 


1. Introductory. The improvements which 
I have recently given to the interferometer 
U-gauge adapt it for measurements through- 
out larger intervals. The apparatus requires 
some experience on the part of the operator, 
but it gives absolute pressure values directly, 
and is quite robust, if not abused. Adding the 
pin hole valve as heretofore, I detected a hys- 
teresis-like phenomenon in the telephone, ac- 
cording as an intermediate intensity of sound 
was reached from increasing or from decreas- 
ing intensity. 

But the chief promise which the interfer- 
ometer U-gauge seems to hold out is the 
measurement of such small but persistent 
pressure increments as arise in certain chem- 
ical and bacteriological processes. Here, how- 
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ever, one is liable to be misled by the insep- 
arable temperature effect. For when one 
shank of the U-gauge is closed, it becomes 
an air or vapor thermometer, responding to 
much less than .001° C. per fringes. Hence 
though I ventured at some length upon ex- 
periments on gas absorption, vapor diffusion 
and solutional effects, it became increasingly 
obvious that the pressure increments and decre- 
ments obtained in a heated reom were not 
trustworthy. I shall resume the work in the 
summer. 

2. Bubbles in general. In case of bubbles 
of any kind (see diagrammatic insert, U-tube 
UU’, cock C, bubble B), these annoyances fall 
away and the pressure increment within the 
bubble is adjusted by the liquid film itself. 
It is of interest, therefore, to measure from 
pressures within the surface tension 7 of 
such films, passing by evaporation continu- 
ously from the liquid to the solid states. Of 
course, when the latter is reached, the bubble 
is no longer contractile and T ceases to be 
measurable; but one may at least reach a 
high state of viscosity. I have worked with 
sugar solutions, neolasses and glue. In the 
former case, persistent bubbles are not pro- 
ducible; but by adding a drop of commercial 
soap solution to 10 em.* of sugar solution 
(1 gram in 10 em.*), bubbles 2 cm. in diameter 
or more are obtained. Occasionally one per- 
sists and dries out to a smooth, iridescent 
bubble of solid sugar, which may be detached 
and preserved. Again the sugar solution (or 
better plain distilled water) with one drop 
of liquid soap may be successively diluted, 
until the surface tension of pure water is 
closely approached. I passed in this way 
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from 7 below 30 to T above 60 and could 
have gone further. It is interesting to note 
that when 7 is high, it rapidly falls off to 
lower values, possibly from the contamination 
of the surface of the film on exposure, but 
more probably, as I think, from the marshal- 
ling of the remaining colloidal molecules at the 
surface, with expenditure of potential energy. 

3. Glue bubbles. These (common liquid glue 
diluted 5 to 10 times) are obtainable directly, 
since a diameter of 2 em. or less is adequate. 
Nevertheless, if the mixture were expensive, 
the inevitable waste would be _ prohibitive. 
Fortunately it is not, and all that need be 
expended is patience, which is cheap. As 
above, bubbles are sometimes obtained which 
actually last indefinitely and these solid glue 
bubbles may be ultimately detached. I give 
the time record for two of them in Figure 1, 
in which surface tension 7, is exhibited in the 
lapse of minutes. In the first of these the 
drop at the bottom of the bubble dried with- 
out further distortion, the bubble remaining 
spherical. In the second the drop blew itself 
out further and the bubble became symmetric- 
ally pear-shaped. In the case of the sphere, 
T at the beginning increased in stages shown 
at a, b, c, d, e, in the figure, the interval of 
persistence from a to d being less and less pro- 
longed, while e is permanent. One would be 
inclined to consider these steps as successive 
phases passed through on the way to solidifica- 
tion; but the mottled color patterns on the 
bubble show that at most a complex of phases 
are temporarily in equilibrium. At f/f, after 
about 20 minutes, 7 apparently begins to de- 
crease regularly.! It is obvious, therefore, that 
at f the bubble is practically solid, that most 
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of the water is gone and the compressed air 
within is now following, diffusing outward 
through the meshwork of colloidal ‘molecules. 
The apparent decrease of 7 is thus spurious, 
merely implying that the solid bubble is con- 
tinuous but leaky. This may be tested by 
opening the stopeock. After 4 hours no in- 
ternal pressure is left. In case of the pear 
shaped bubble, the phenomenon was like the 
preceding, but much more rapid, so that stages 
of T could not be recognized. The 7 reached 
by the nearly solid bubble is very high, but 
a part of it must be referred to the change 
of shape specified. 

In figure 2, I have shown the result of the 
successive dilution of the original liquid 
glue. The surface tension remains low and 
nearly constant until a dilution of the order 
of .005 is reached. Thereafter, with further 
dilution, T inereases very rapidly to above 60 
in the figure. Using the last (dilute) solution 
about a week later, bubbles were no longer 
obtainable, even after warming. Adding a 
drop of dilute soda solution, however, restored 
its bubbling virtue. On successive dilution by 
halving, this gave (in mean values) T = 52, 
59, 63, 68, 73. With two observers, one to 
measure the diameter of the bubbles and the 
other to manipulate the interference fringes, 
even closer approach to a water surface would 
he possible. Though thick and colorless, the 
bubbles have to withstand an increasing eapil- 
lary strain and like time and tide they tarry 


for no man. 
Cart Barus 
Brown UNIVERSITY, 
PROVIDENCE, R. I. 





THE AMERICAN ASSOCIATION FOR 
THE ADVANCEMENT OF SCIENCE 


Section G—BoranicaL SCIENCES 
Vice-president and chairman, Francis KE. 
Lloyd. 

Retiring vice-president, Mel. T. Cook. 
Secretary, Robert B. Wylie; State University 
of lowa, Iowa City, lowa. 
(Report by R. B. Wylie) 
From the viewpoint of the botanists the Bos- 


1 Even at e the evidence of increasing T may 
be masked by the incipient solidification. 
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ton meeting was ene of the ‘best in recent years. 
While the number of members in attendance 
from the interior and from the west was some- 
what smaller than at the Chicago meeting, there 
were proportionately more of the eastern work- 
ers in attendance. The botanical programs pre- 
sented an imposing array of titles. Something 
over two hundred papers and addresses were 
scheduled in the various meetings for plant 
workers. 

The extent of the program as well as diversity 
of interest compelled two or more series of bo- 
tanical papers at each session. The efficient 
messenger system, however, readily enabled ail 
to know the progress of all programs so that 
papers of special interest, though in different 
rooms, could readily be heard unless they aetu- 
ally conflicted in time. 

An examination of the eontent of the bo- 
tanical programs offered by the different see- 
tions of the affiliated societies shows a tendency 
towards greater variety than formerly. The 
strict categories are breaking down, along cer- 
tain lines at least, and it often happens that a 
given paper may very properly be classified or 
presented in two or more sections. This may 
be due to broader interest or better training of 
the present workers, but primarily to the grow- 
ing appreciation of the interdependence of the 
several fields of plant science. 

In a still larger sense the boundaries between 
zoology and botany as a whole are becoming 
rather shadowy in many places, and the physi- 
ologists, geneticists and ecologists properly pass 
from one class of material to another and fol- 
low both sides with keener interest. These facts 
bespeak the need for large scientific meetings 
where members of the several sciences may hold 
programs in parallel series with greater profit 
to all concerned. Though emphasized else- 
where, it may ‘be repeated here that modern 
buildings such as those at the Massachusetts In- 
stitute of Technology afford ideal conditions for 
holding such meetings as those recently held 
in Boston. 

The invitation program of Section G was 
held on Wednesday afternoon as a joint session 
with the Botanical Society of America and the 
American Phytopathological Soeiety. The pro- 
gram, which was attended by a large number 
of botanists, included the address of the re- 
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tiring vice-president, Mel. T. Cook, on “The 
original development of plant galls,” and a 
symposium of four papers dealing with certain 
aspects of sterility in plants. In his address, 
Mr. Cook diseussed the ontogeny and phylogeny 
of plant galls, their relations to the causal or- 
gamsms and factors, together with practical 
considerations of their economic importance. 
In the symposium, Dr. A. B. Stout’s paper, 
read by Professor R. A. Harper, discussed the 
cultural and experimental aspects of sterility 
from a physiologist’s viewpoint. Professor 
Bradley M. Davis analyzed the ‘bases of sterility, 
taking up both pollen and seed sterility, and 
calling attention to another type of sterility 
due to weak and inefficient seedlings. Cross 
and self sterility in their genetical bearings were 
taken up by Dr. E. M. East, who discussed the 
causes and control of pseudo-fertility, together 
with the mutual and reciprocal relations of 
self-sterile strains. Dr. M. J. Dorsey, in taking 
up the relations of sterility to horticulture, 
dealt with the status of sterility in cultivated 
plants, especially in relation to the environ- 
mental influences, and other problems related 
to the practical handling of cultivated plants. 

During the autumn the Section Committee 
balloted by mail, and following their nomina- 
tion, C. J. Chamberlain was elected vice-presi- 
dent for Section G, and R. A. Harper as mem- 
ber of the Section Committee. 

On Thursday evening occurred the dinner for 
all botanists, following which was given the 
address of the retiring president of the Botanic- 
al Society of America, Dr. C. E. Allen. In his 
address Dr. Allen dealt with the potentialities 
of the plant cell as expressed in its structural 
and functional specializations. Other speakers 
on the program discussed the need of a tropical 
research laboratory, and the present status of 
Botanical Abstracts. 


THE BOTANICAL SOCIETY OF AMERICA 

President, Henry C. Cowles. 

Secretary, Ivey F. Lewis, University of Vir- 
ginia, University, Va. 

(Report by 1. F. Lewis) 

The seventeenth annual meeting of the Bo- 
tanical Society of America was held in affilia- 
tion with the American Association for the Ad- 
vancement of Science at the Massachusetts In- 
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stitute of Technology on December 27, 28 and 
29. 

Officers were elected as follows: President, 
B. M. Duggar; vice-president, J. R. Schramm; 
secretary, I. F. Lewis; treasurer, 1. W. Bailey; 
editors, American Journal of Botany, William 
Crocker, R. A. Harper, Donald Reddick; rep- 
resentative, division of biology and agriculture, 
National Research Council, J. M. Coulter. 

For the first time in the history of the So- 
ciety “corresponding members” were elected, 
these being Hugo De Vries and F. O. Bower. 

Formal approval was given to the project 
to establish in Washington a national arboretum 
and garden, and cooperation was promised the 
Botanical Society of Washington to bring this 
about. 

The annual dinner for all botanists was held 
on Thursday evening. President H. C. Cowles 
presided. After short talks by Dr. A. S&S. 
Hiteheoek, Dr. William Crocker, and Professor 
B. M. Davis, the retiring president, Dr. C. E. 
Allen, delivered the annual address on “The 
potentialities of a cell.” 

The Society met with the New England Bo- 
tanical Society on Friday evening at the home 
of the American Academy of Arts and Sciences. 


General Section 
(Report by John T. Buchholz) 


In a brief diseussion, A. J. Eames, of Cornell 
University, called attention to the remarkable 
uniformity in vascular anatomy of the nodes 
of plant stems, suggesting how the facts of 
plant anatomy may be used in solving the puz- 
zles of the relationships of plant orders and 
families. Carpels have three ‘bundle traces 
without known exception, while stamens have 
only one bundle trace, this being derived from 
three. Since petals have only one trace a majori- 
ty of them are stamens, while sepals are bracts 
or leaves in origin. The fact that gymnosperms 
have only one or two traces, never three, sug- 
gests that angiosperms are an isolated group 
and were not derived from known gymnosperms. 

As an illustration of the use which may be 
made of vascular anatomy in solving problems of 
relationships, Dr. Eames presented a paper by 
Miss Mary Jones Fisher, in which the mor- 
phology of the flower of willows was investi- 
gated. This work in vascular anatomy shows 
that the floral parts of willows have suffered a 
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reduction, having been derived from a more 
highly specialized insect pollinated flower. 
They are therefore specialized groups rather 
than primitive plants, as looked upon at pres- 
ent by taxonomists. 

Miss Alma G. Stoekey, of Mt. Holyoke Col- 
lege, announced the discovery of the prothallium 
of Lycopodium obscurum, and exhibited living 
specimens of these gametophytes with young 
sporelings. é 

The structure and development of the poly- 
eladous form of Spherocarpus Donellii was 
described by Alfred M. Wolfson, of the Uni- 
versity of Wisconsin. This liverwort is also 
being investigated by C. EK. Allen and his co- 
workers for the heredity of this character, this 
phase of the work having been reported by 
Dr. Allen before the Joint Genetics Section. 

Eh. C. Jeffrey, of Harvard University, pre- 
sented some new evidence that the crystals of 
Ginkgo are extracellular. His statement that the 
protoplast of these erystals together with its 
nucleus is entirely within the erystal brought 
forth a sharp diseussion in which skepticism 
was expressed on the question of whether these 
observations were correctly interpreted, while 
Dr. Jeffrey indicated with no hesitation that 
he accepted the challenge to prove this point. 

P. C. Mangelsdorf, of the Bussey Institution, 
described the nature of a number of endosperm 
anomalies in maize, some of them involving al- 
most complete absence of endosperm. 

That color inheritance in maize endosperm is 
an exceedingly complex problem was indicated 
by R. A. Harper, of Columbia University, who 
exhibited color plates showing a wide range of 
colors produced in the F, generation when cer- 
tain strains are crossed, though the parent 
strains had been inbred for many generations. 
It has been generally accepted that all F, hy- 
brids between highly inbred strains are similar. 

Michael Levine, of New York City, who has 
been studying plant gall tissue in comparison 
with animal cancers, pointed out some important 
differences in these neoplasms. He explained 
that in animal cancers many cells go into di- 
vision simultaneously, while in plants these cell 
divisions are uneven. 

J. D. Hale reported that true bars of Sanio 
are found only in the secondary wood and are 
of diagnostic importance in relation to the 
groups in which they occur. In another paper, 
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Mr. Hale interpreted the trabecule of Sanio 
as arising through fungal infection of the 
cambium and that they are associated in a 
radial series of locally depressed annual rings. 
J. D. Hale and M. J. Brophy reported that the 
strength of timbers varies with the rate of 
growth and is correlated with definite morpho- 
logical characters. 

R. H. Wetmore in tracing the evolution of 
lenticels showed that whereas in primitive forms 
they were related to appendages in higher type 
they are correlated with the rays. A. E. Long- 
ley in studying pollen development found but 
four out of thirty-seven forms of Rubus with 
normal pollen production and an even higher 
degree of irregularity in Crategus, suggestive 
that most of these forms are of hybrid origin. 

A study of traumatic tissue by A. E. Longley 
strengthens the hypothesis that the pines stand 
in @ primitive position in the Abietinex, rather 
than as reduced forms. 


Physiological Section 

Chairman, William Crocker. 

Secretary-treasurer, R. B. Harvey; Universi- 
ty of Minnesota, University Farm, St. Paul, 
Minn. 

(Report by R. B. Harvey) 

The program of the Plant Physiologists con- 
sisted of three general sessions and two sym- 
posia. The 29 papers presented in the general 
sessions displayed greater interest in plant 
physiological problems than has been shown at 
any previous meeting. Papers on salt absorp- 
tion and general nutrition occupied the major 
part of the Wednesday morning and the Friday 
afternoon sessions. Papers relating to per- 
meability and oxidative changes were given on 
Friday morning. Among the papers given at 
this session there was presented a method for 
determining the oxygen-supplying power of the 
soil, a factor which is of much importance and 
which has been difficult to determine. At the 
symposium on “Mosaic diseases,” held in joint 
session with the American Phytopathological 
Society, the contributions on this subject mark 
an epoch in the study of these important dis- 
eases. The symposium with Section C (Chem- 
istry) held Thursday afternoon, on photosyn- 
thesis and photochemical reactions, attracted 
much attention; it was a very thorough and 
complete presentation of the problems related 
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to photosynthesis. The discussion covered the 
general nature of photochemical reactions in 
plants, in particular, and the physiology and 
chemistry of the utilization of the assimiliate. 
The program was of great interest throughout, 
although unusually long. 

The following officers were elected: Chair- 
man, Professor Lewis Knudson; vice-chair- 
man, Pacific Section, E. T. Bartholomew, R. B. 
Harvey; secretary-treasurer, R. B. Harvey. , 


Mycological Section 
Chairman, C. L. Shear. 
(Report by C. L. Shear) 


Two sessions of the Mycological Section of 
the Botanical Society of Ameriea were held, at 
which 19 papers were presented. Albout 50 
members were in attendance. 

R. H. Colley and Minnie W. Taylor discussed 
peridermia of five-needled pines, pointing out 
that there are two other species besides the one 
belonging to Cronartium ribicola which are very 
closely related to it but distinguishable by cer- 
tain spore characters. Dr. Colley also discussed 
methods in spore measurement, pointing out 
the necessity for standardizing our methods of 
measuring spores so that the results of different 
workers may be comparable. 

H. 8. Jackson and E. B. Mains discussed 
Aecidium Myosotidis Burr., a rather rare species 
which is connected with telia on grasses. Dr. 
Jackson also gave observations on the Micro- 
Puecimas, pointing out the remarkable similari- 
ty between the telia-spores of certain short- 
eycled forms and long-cycled forms on the same 
host. 

B. O. Dodge discussed the morphology and 
host relations of Pucciniastrum americanum, a 
rust of red raspberries which was rather severe 
in a plantation near Washington the past sea- 
son. Dr. Dodge also discussed the systematic 
infection of species of Rubus with the orange 
rusts, showing how and when infection occurs, 
and that systematic imfection can be easily 
demonstrated by microscopic examination of 
sections of roots or stems. 

F. D. Fromme gave a description with illus- 
trations of an undescribed species of rust on the 
cow-pea. This is closely related to, and has 
been confused with other common rusts on 
closely related plants. 

E. M. Gilbert read a paper on cytological 








[ VoL. LVII, No. 1466 


studies of some uredinew, discussing the nuclear 
behavior in short-cycled puccinas on Circap 
and from Cryptotenia. 

S. A. Wingard read a paper on nuclear phe- 
nomena in ascospore formation of a parasitic 
yeast, tracing the development of the ascospores 
in a remarkable fungus which has been found 
parasitic on lima beans. 

In a paper by Leva B. Walker, giving ob- 
servations on the development of Endogone 
malleola, the morphology of this rather rare 
fungus was described as it appears in pur 
culture and in nature. 

Cultural studies of Armillaria mellea Fr. and 
Clitocybe monodelpha Morg. were presented by 
Miss C. Audrey Richards. The close similarity 
in appearance of pure cultures of these two 
fungi was pointed out, and the slight difference 
in the Armillaria taken from different hosts 
were shown. 

J. J. Taubenhaus and D. T. Killough pre- 
sented recent advances in our knowledge of 
Texas root rot of cotton, Ozonium omnivorum, 
describing successful inoculation experiments 
not previously reported and giving data relat- 
ing to the mode of over-wintering of the fungus 
in the field. 

The physiology of perithecia formation in 
Valsa leucostoma was given by Leon H. Leon- 
ian. It was shown that the formation of pycnia 
and perithecia could be controlled by variations 
in the nutrient media and by transfers to media 
of different composition. 

Michael Levine gave results of further study 
on the behavior of crown gall on the rubber 
tree, Ficus elastica, showing the effect upon 
plants in which the tips had been killed by the 
gall organisms. 

C. L. Shear in a paper on Phoma—as a 
sample of mycological nomenclature and elassi- 
fication—pointed out the great confusion which 
now exists in the application of this name and 
the wide departure from its original usage by 
its author, Fries, as a monotype genus, showing 
the need of fixing generic names by the appli- 
cation of the type method. 

Margaret B. Chureh and Charles Thom dis- 
cussed the relation of commensalism in common 
molds to taxonomy, pointing out the confusion 
which sometimes arises from the fact that cer- 
tain molds frequently grow in such close asso- 
ciation in culture that they are easily confused. 
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A preliminary note on the peculiar marine 
phycomycete, Coenomyees, by I. F. Lewis and 
W. H. Weston, Jr., was presented by Dr. Wes- 
ton. This peculiar and interesting fungus has 
not heretofore been reported except from Rus- 
sia. 

David H. Linder reported on a Rhizopogon 
new to the eastern United States. The fungus 
appears to be a species identical with one from 
California. | 

H. M. Fitzpatrick gave an outhne of a mono- 
graph of the genus Nitschkia and related genera, 
indicating his proposed method of treatment of 
the group. 

Dr. W. H. Weston, Jr., of Harvard Uni- 
versity, was elected chairman of the section. 


Systematic Section 
Chairman, M. L. Fernald. 
Secretary, Alfred Gundersen, Brooklyn Bo- 
tanie Garden, Brooklyn, N. Y. 
(Report by Alfred Gundersen) 


Two sessions were held and fourteen papers 
presented. On Thursday F. W. Pennell pre- 
sented evidences of parallel lines of evolution 
in Afzelia. M. L. Fernald, speaking of the 
flora of eastern Canada, concluded that no 
fundamentally distinct species had evolved there 
since the glacial periods. Miss A. Brackett 
compared seeds and floral characters in Hy- 
poxis. W. W. Eggleston presented researches 
on Zygadenus. N. C. Fassett spoke on estuary 
floras. C. O. Rosendahl described two new 
species of Sullivantia, his paper being read by 
Mr. Butters. 

At the session on Friday, P. A. Rydberg 
proposed dividing the Galegee into eleven sub- 
tribes instead of five. A. S. Hitchcock spoke 
on the type-basis code, a modified form of the 
American code. Alfred Gundersen presented 
a diagram of orders of dicotyledons. A. J. 
Eames and P. A. Rydberg discussed the nature 
of epigynous flowers. I. M. Johnston spoke on 
thé fauna and flora of southern Lower Cali- 
fornia, concluding that the fauna has a northern 
and the flora a Mexican origin. B. L. Robinson 
urged the need of greater monographic activity 
in America, as contrasted with regional in- 
vestigations. 

Following the reading of papers, John H. 
Schaffner, of Ohio State University, was elected 
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chairman for 1923, and Alfred Gundersen was 
reelected secretary. 


THE AMERICAN PHYTOPATHOLOGICAL Society 

President, E. C. Stakman. 

Secretary, G. R. Lyman, U. S. Department 
of Agriculture, Washington, D. C. 

(Report by F. D. Kern) 

The program for the Boston meeting of the 
American Phytopathological Society included 
eighty-nine papers. In addition two sessions 
were in the nature of conferences at which 
formal papers were not presented. Most of 
the papers were presented, but a few authors, 
as usual, sent titles without any provision for 
their presentation. The custom of publishing 
the abstracts so that each member may have a 
copy at the meeting was continued this year. 
There was but a single session at which miscel- 
laneous papers were read. Special sessions 
were as follows: Mosaic diseases, diseases of 
fruits and trees, diseases of potatoes and truck 
crops, diseases of cereals, a conference on 
potato inspection methods, a round-table dis- 
cussion on extension methods as applied to 
plant pathology, a joint session with the Amer- 
ican Association of Economic Entomologists 
on plant quarantines, and a joint session with 
Section G and the Botanical Society of Amer- 
ica in which the address of the retiring vice- 
president, Mel. T. Cook, of Section G, was on 
a pathological topic, “The origin and structure 
of plant galls.” 

Without doubt the most important section of 
the program was that dealing with mosaic dis- 
eases of plants, a joint session with the Physio- 
logical Section of the Botanical Society. The 
most striking contribution, and one that marks 
a great step forward in the science of phyto- 
pathology, was a demonstration of the oceur- 
rence of protozoans in plants affected with 
mosaic and related diseases. In the mosaic of 
tomato, bean and clover, and also in potato 
leaf roll, Ray Nelson demonstrated in longi- 
tudinal sections the presence of biflagellates 
and trypanosomes. Kunkel and McKinney, 
Eckerson and Webb made contributions con- 
cerning the presence of intracellular bodies in 
mosaic tissues of Hippeastrum and in rosette 
of wheat. The distribution of both the flagel- 
lates and intracellular bodies in the host tissues 
and their frequent application to the host 


ss < 
ieee.) 
3 Laan Bed Fie! PE a ee 5 


Ea ee eee 


APSR 


= re epteek pee 
ek, Pt se 


aS SR 
= tae 


—. 
in 


ia inte aed Pet Rat 3 es : ° 
(ke S IE SEE A 
Bone sede 2 st de eae * 


Cots Pm ec Se abeka 


ayaa gone s 


ey 


Sgr pens 


5 et Be 


iat 


"PaaS MR AD be ty cat Set 


i 
bs 
y 





Sie epee 
cere Right Ie ae 


rs Ay & ¢ ~ 
x << JF ¥ Ne eo ae a) As. oe 
Tea Ie eS 
any ies + pag catinaeang pees Se 
<n 0 wi Per eee 


ae 
> i 


ig 
es 


seit tetas Salt ae 


tira ah 
ee yi TF sey 


Bai SP a ORR 


ed cecil 


me 
Mr 





a4 











158 


nuclei further indicate their association with mo- 
saic-like diseases. Other papers presented facts 
concerning the conditions which lead to the 
masking of mosaie and leaf-roll of potato in 
certain northwest areas and at high altitudes. 
Another paper dealt with the specificity of six 
mosaic-like diseases of the potato. The erad- 
ication of the perennial weed hosts as a means 
of control in tomato mosaie was the topic of 
another paper. Altogether fourteen papers on 
mosaic were presented. 

In a paper on crown-gall, Riker presented 
evidence to the effect that the bacteria exert 
their influence from an intercellular rather than 
intracellular position. 

Several papers were presented extending our 
knowledge of biological specialization in the 
cereal rusts. Evidence was presented in one 
paper indicating that dust for stinking smut 
of wheat is a promising method of control. 

Two papers presented new facts concerning 
apple blotch control; four papers contributed 
further information coneerning white pine 
blister rust both in America and Europe; two 
papers reported progress and methods of bar- 
berry eradication; and six papers referred to 
various phases of the cereal-fusarium problem. 

The round-table discussion on extension work 
in plant pathology was the first session of this 
kind that has ever found a place on our pro- 
gram. 

The success of this session emphasizes the 
interest in this subject, and indicates that 
future annual meetings must provide oppor- 
tunity for similar discussions. 

The symposium on plant quarantines, in 
joint session with the American Association of 
Economie Entomologists, was of great impor- 
tance in that it outlined the history of plant 
quarantines, summarized our experience to date 
and permitted discussion of future plans. 

The officers of the American Phytopatholog- 
ical Society for 1923 are as follows: President, 
G. R. Lyman, West Virginia College of Agri- 
culture, Morgantown, West Virginia; vice- 
president, F. D. Fromme, Virginia Polytechnic 
Institute, Blacksburg, Virginia; secretary- 
treasurer, R. J. Haskell, U. S. Department of 
Agriculture, Washington, D. C.; additional 
members of the council, I. E. Melhus (College 
of Agriculture, Ames, Iowa), M. F. Barrus 





SCIENCE 





[ Vou. LVIT, No. 1466 


(College of Agriculture, Ithaca, N. Y.), E. ¢. 
Stakman (ex officio) (University of Minne. 
sota, St. Paul, Minn.), Perley Spaulding (ex 
officio), (U. S. Department of Agriculture, 
Washington, D. C.), W. P. Fraser (University 
of Saskatchewan, Saskatoon, Saskatchewan, 
representing the Canadian Division), F. D. 
Heald (State College of Washington, Pullman, 
Washington, representing the Pacifie Coast 
Division), L. R. Hesler (University of Ten- 
nessee, Knoxville, Tenn., representing the 
Southern Division). 


THE SuLLivaNtT Moss Sociery 

President, A. LeRoy Andrews. 

Secretary, Edward B. Chamberlain, 18 West 
Kighty-ninth Street, New York. 

(Report by Edward B. Chamberlain) 

At the meeting of the Sullivant Moss Society 
on December 28, Mr. Beals diseussed and dem- 
onstrated the use of a large plate camera in 
photographing in situ smal) plants and mosses, 
either natural size or enlarged; Dr. Grout re- 
marked upon a recent discovery of fossil 
mosses in the Iowa glacial deposits; Dr. An- 
drews outlined the need for a more natural 
grouping of the bryophytes, for greater mono- 
graphie activity and for greater conservatism 
in specifie and generic segregation. Attention 
was directed by Dr. Bailey to the rapid dis- 
appearance of the mosses of the Pacifie North- 
west through the combined operations of lum- 
bering, fire and settlement; Dr. Conklin em- 
phasized the value of the society collections in 
studying the distribution of American He- 
patice; Mrs. Britton cleared up the confusion 
existing in certain West Indian species of 
Fissidens; and Dr. Holzinger gave an outline 
of the present status of the specific rank of 
Desmatodon arenaceus. Papers by Miss 
Lorenz and by Dr. Plitt dealt with the hepatic 
and the lichen flora of Mt. Desert Island, 
Maine. Mrs. Read told of the aetive study of 
mosses carried on for forty years by a section 
of the New England Women’s Club, and Miss 
Cherrington made a plea for greater aid to the 
beginner in moss study. 

The officers for 1923, given above, as well as 
the vice-president, Professor Charles C. Pitt, 
of the University of Maryland, were elected 
before the Boston meeting. 











